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PREFACK 



In these days of superabundance of Chemical Literature, 
some apology is needed for introducing yet another 
Chemical volume to public notice. 

Although now published as a whole for the first 
time, several portions of this book have been for a 
considerable period in circulation amongst the members 
of my Classes, and have proved of great assistance in 
preparing for examination my Students, many of whom 
have not the time to collect and arrange scattered facts 
as presented in the Text-Books. 

This work has been drawn up with special regard to 
the Edinburgh Examinations, and this explains the 
apparent incompleteness of that portion relating to 
Organic Chemistry. To have given a complete synopsis 
of this branch would have swelled the book very much 
beyond its present size. I have, therefore, only con- 
sidered those Organic Compounds which are mentioned 
in the Edinburgh University Eegulations. 



IV PREFACE. 

It is not intended to be used as a Text-Book, but 
rather as a companion to a larger and fuller treatise, 
and will, I hope, take the place of the Note-Book in 
recalling the principal facts of the Science in the un- 
settled and troubled times which precede examination. 

To save space I have used the sign 6 to signify the 
application of heat, and the mark J placed over a 

compound to indicate a precipitate. 

I must express my thanks to my colleague Dr. 
LiTTLBJOHN for his valuable aid in revising the proof- 
sheets. 

T. W. D. 



Chemical Labobatobt, 

Edihbuboh School of Medicine, 

Septemlter 188fS, 
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EREATA. 

Page 3, Acid radical monads, lines 4, 5, and 6, /or Bi, BiO^, 
and BiO, read Br, BrO,, and BrO. 

Page 6, line 15 from bottom, for 3 '2 read 32. 

Page 91, line 10 from bottom, /or Hg^Cl, read HgCl,. 



SYNOPSIS 



or 



CHEMISTRY, 






DEFINITIONS. 

Ghemistbt. — Science which treats of matter in a state 
of change. 

Three forms of matter : — 

Solid — if cohesive force in ascendancy. 
Gas — if repulsive „ „ 

(c.) Liquid — if repulsive and cohesive powers are bal- 
anced. Matter on this earth is usually mixed. 
Analysis is the separation of mixed matter into 

elementary matter. 
Synthesis is the putting together of elementary 

matter to form compoimds. 
Elements. — The simplest form of matter. They are 
sixty-five in number, and are divided into two 
groups, nonrfnetallic and metallic. There are 
thirteen non-metallic elements. 
Symbol. — A sign representing an element, and a cer- 
tain quantity of that element. The sign consists 
of a letter or letters contained in the Latin name. 
Molecule. — The smallest portion of an element which 
can exist in the free condition. 
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Atom. — ^The smallest portion of an element which can 

exist in the combined state. 
Chemical Affinity. — The force which produces chemi- 

. cal action subject to certain laws. 

Laws of Combination. 

1«^. Law of Quantities. — A definite chemical com- 
poimd always contains the same elements in the 
same fixed proportion. 

Example, — ^FeS (Ferrous Sulphide) always con- 
tains iron and sulphur^ but nothing else, and 
always in the proportion of 56 parts of iron to 32 
parts of sulphur. 

2d, Law of Multiples. — When two elements unite in 
more than one proportion, the resulting compound 
contains a fixed quantity of one element, and a 
varying quantity of the other ; the varying quan- 
tities being in some simple multiple of the first 
compoimd. 

Example, — Nitrogen and oxygen form five oxides — 

N,0 = 28 bo 16 

N,0, = 28 to 82 

N,0, = 28 to 48 

N,04 = 28 to 64 

NjOs = 28 to 80 

M, Law of Reciprocal Proportions. — The propor- 
tion in which any two elements imite with a 
third are the proportions in which they unite with 
one another. 

Example, — H and I unite in proportion of 1 to 127 

H and CI „ „ 1 to 35-5 

Therefore CI and I „ „ 35*5 to 127 

Salt-Radical. — A compound which unites with H to 
form an Acid, and a metal to form a Salt. 

Halogen. — An elemeiit which has the same properties 
as a salt-radicaL 
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Use of the Table. 

A salt consists essentially of a basic radical and an 
acid radical. These two radicals must balance each 
other in the matter of atomicity or quantivalence. If, 
therefore, we know the respective atomicity of both 
basic and acid radicals, it is an easy matter to unite the 
formula of a salt; for we must make the two parts 
equal each other, so to speak, by means of figures if 
they do not do so naturally. A few examples will 
make this clearer. 

What is the formula of nitrate of potash) We 
look first amongst the basic radicals for potassium, 
and we find K amongst the monads ; then amongst the 
acid radicals for nitric acid radical, NO3, and we find 
that is also amongst the monads ; therefore K'NO'3 is 
the formula, for a monad unites with a monad. But 
supposing the formula of calcic nitrate is required, we 
find Ca amongst the dyads, and NO3, as before, a monad, 
^ow a dyad will not unite with one monad, it requires 
two ; therefore calcic nitrate is Ca"2N0'8 

Again, required the formulas of oxalate of lime and 
oxalate of soda. 

Ca = Dyad, and C204=Dyad; therefore the formula 
is GB!'Gjd'\ 

Na — Monad, and 6304 = Dyad; therefore the for- 
mula is Nag' CqO"^; two monads being required to 
balance one dyad. 

Again, required the formula of ferric sulphate. Foj 
by the table is a hexad, or has a value equal to six 
monads. The sulphuric acid radical is a dyad, or has 
a value equal to two monads ; therefore the formula is 
F^3SO"4 
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CHEMICAL SUMS. 

Correction op Volume. 

, (a.) For Temperature, — Gases expand by heat -^^ 
of their volume for each degree Centigrade, and contract 
by cold in the same ratio, therefore at a temperature of 
273° below zero there is theoretically no heat and no 
volume. According to Charles Law, " The volume of 
any gas varies directly as the absolute temperature ;" 
the following formula will therefore give us the needed 
correction for any temperature : — 

As 273 + '^®°'P- ** . • 273 + T«"?P\ • • ^^^d . 

^ measurement • reqmred ' * volume ' 

Or, As 273 + t"* : 273 + t' : : OV. :« 

Example. — 100 cubic centimetres of oxygen are mea- 
sured @ 15° C, what will they measure @ 0" C. ? 
As 273 + t» : 273 + t' : : OV : a; 
273 273 

15 



288 273 

273 X 100 






100: a; 



= 94-79 c. c. @ 0° C. 

2^^ Answer. 

{b.) Correction for Pressure — ^Boyle's law states 

that the volume of any gas varies inversely as the 

pressure to which it is subjected. The following formula 

will give the correction for pressure : — 

A The required . The observed . The observed 
pressure • pressure • volume 

Or, As R.P. : O.P. : : O.V. : x 
Example. — 100 c. c. of hydrogen are measured @ 752 
millimetres, what will they measure @ 760 milli- 
metres (m.m.) % 

AsRP : OP :: OY ix 
760 : 762:: 100 :« 

^^^^^ = 98-95 c. c. @ 760. 
'"^ Answer. 
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CoNVEBTiNO Volume op Gas to Weight of Gas. 

11*2 litres of any elementary gas weighs its atomic 
weight in grammes, and half its molecular weight if a 
compound gas. 
For example, 11*2 litres of weigh 16 grammes 



„ N „ U „ 



H 






„ CI „ 36*5 „ 

Or 11-2 litres of HCl „ 18*25 „ 

„ CH^ „ 8 „ 

» SOo ,, 32 „ 

If, therefore, we wish to know the weight of 5 litres 

of oxygen gas — 

As 11-2 : 16 : : 5:a; 

16x5 ^,. 

— P^ = 7*1 4 grammes. 

Conversely, if the weight is given to convert to 
volume, the following example will show the method 
of calculation. 

What is the volume of 32 grammes of oxygen 1 
As 16 : 11*2 : : 32: a; 

I]h2x3;2^ 22-4 litres. 
16 

Example of Sums based on Equations. 

In 100 grammes of sulphuric acid (H2SO4), how 
much hydrogen @ normal T and P 1 How much zinc 
required to displace it, and how much sulphate of zinc 
will be produced 1 H = 1. Zn = 65*2. S = 32. = 16. 
H2SO4 + Zn = ZnS04 + Hg 
98 +65-2 = 161-2 + 2 

(The figures below the Bymbols are the atomic and mole- 
cular weights.) 

(a.) Quantity of H. 

As 98 : 2 : : 100 : a; 

— QQ— =2*04 grammes. 
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(ft.) Volume of H. 

Gram. Lrs. Gram, 

As 1 : 11-2 : : 204 : x 

= = 22*84 litres. Answer I. 

(c.) Quantity of Zinc. 

According to equation, 2 grammes H require 65*2 
of Zn. 
As 2 : 65-2 : : 204 : x 

''■': ^-"^ ^ee-S grammes of Zn. 

Answer II. 

(d.) Quantity of ZnSO^ 

According to equation 65*2 grammes of Zn produce 
161*2 grammes of ZnSO^ 
As 66-2 : 161*2 : : 66*6 : x 

^^^'^x.^^'^ = 164*48. 

^^'^ Quantity of ZnSO ^ 
Answer IIL 



VARIOUS CLASSES OF SALTS. 

1st, Normal Salts. — ^Where the whole of the hydrogen 
is displaced by an equivalent quantity of a metal, 
or basic radical 

Acid. Salt. 

2d, Acid Salts. — Where only part of the hydrogen is 
displaced. 



Acid. Salt. 

H ) «^ Na 

H 



}so, g^jso. 
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3d, Basio Salts. — ^Wheie part of acid radical i9 replaced 
^7 oxygen. 

Add. Normal Salt Bamo Salt 

HNO. Bi'"3N0'3 BiONO, 



(NO, 
X NO3 -^^ 1 NO 



8 ( O" 

Bi^NO« Bi'"^^ 



KOMBNOLATURB OF SaLTS. 

Acids ending in ous form salts in ite. 

Example, — Sulphurous acid forms sidphites. 
Acids ending in 10 form salts in ate. 

Example, — Sulphuric acid^forms sulphates. 
Elements form salts ending in ids. 

Example, — Iron and siQphur form iron siQphide. 



NON-METALLIC ELEMENTS. 

Oxygen.— - 16, Dyad. 

Occurrence. — Free in air, combined in water and 

metallic oxides. 
Properties, — Colourless, tasteless, inodorous gas, slightly 

soluble in HgO. Under ordinary circumstances a 

supporter of combustion. Combines with all the 

elements but one, FL 
Preparation, — 1^. From certain oxides. 

TABLE I. 



The Oxides which give off O an amplication of Beat. 

OxideB, BaOjMnOj CrO, AujO, PtO, AgjO HgO PbjO^ 
Residues, BaO.Mn5O4.CrjO3.Au. Pfc. Ag Hg PbO 



t 
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2d, From certain salts. 
0. KCIO3 - KCl + Os and ZnS04 = ZnO + SOg + 

3c2. Electrolysis of HgO. 
is evolved at the positive pole. 

TTiree groujps of Oxides. 

(a.) Basic, forming salts with acids, FeO 
|6.) Acid, „ „ metals, CrOg 

(c.) Neutral, not forming combinations, Mn02 

Ozone, — ^Allotropic oxygen. (OgO) 

Occurrence, — Free in air. 

Properties, — Colourless gas with powerful odour; 

oxidizer and bleacher. 
Preparation, — By electric discharge in air or oxygen. 
Test, — Sets free iodine from KI. 

(OgO) + 2KI + H2O = 2KH0 + O2 + T2 

Hydrogen = 1, Monad. 

Occurrence, — Not free in nature. Combined in HgO, 

and all animal and vegetable substances. 
Properties. — Colourless, odourless gas, lightest of all 

known bodies. Inflammable. Eeducing agent. 
Preparation,, — From water by — 
(a.) Electrolysis. 
(b,) By certain metals. 

TABLE IL 



* MetaU which decompose Water @ ordinary temperature, 

K produces KHO Ca produces Ca2H0 

Na „ NaHO Ba „ Ba2H0 

Sr „ Sr2H0 



* Tbeie metals are alao oxidised by dry air. 
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(c.) By acting on acids with metals. 

Zn + H2SO4 = ZnSO^ + Hj 

(d,) By acting on certain hydrates with metals. 
0. Zn + 2K0H = ZnE^Oa + Hj 

Water. 

Prepared by synthesis of its elements. Occurs in 
nature as spring water, &c., in an impure condition from 
the solution of certain salts. 

Hard watei' due to presence of CaCOg and CaSO^ 
principally. The CaCOg is dissolved by free COg; 
the CaSO^ by pressure ; CaCOg precipitated by boil- 
ing, hence hardness due to it called removeable hard- 
ness; CaSO^ not so removeable, hence confers the 
property of permanent hardness. 

Clarke's process for softening water by adding lime 
(CaO) removes free COg 



Diagram representing darkens process. 

wT^T \ ^^^^^ J - - - . Ineoluble. 
water. J (,Q^ (Soluble. 




VCaCOj - - Insoluble. 



Water unites with acid oxides to form acids : 
e.g.y H20 + S08 = H2S04 

It also unites with basic oxides to form hydrates : 
e.^., K20 + H20 = 2KHO 
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TABLE in. 



Action of Beat on Hydrates, 

KHO ) ^^.^..„ Ca2HO=CaO + HgO 

NaHO 1 =^® *^*'^^ Ba2HO=BaO+H;0 

Hydrates of all the heavy metalB are decompoBed into water 

and oxide. 



Water of Orystallisation. — ^Water on which the shape 
and colour of tiie crystal depend. It can be driven off 
at 100' C. 

Water of Constitution, — ^Water on which the chemical 
constitution of the salt depends. 

e. 1 00- C. CuSO^SHjO = CuSO^HgO + 4H2O 

Water of crystalliBation. 

ft 199' C. CUSO4H2O = CuSO^ + H2O 

Water of constitution. 

Peroxide of Hydrogen, HgOg. 

Properties, — Colourless liquid, pungent taste. Bleacher. 
Acts as an oxidizing and reducing agent. Decom- 
posed by heat. 6. HgOg = H ^O + 

Prei>.— BaOg + COg + HgO = V^aCOg + HgOg 

Nitrogen. — N= 14, Triad and Pentad. 

Occurrence, — Free in air, combined in animal and 

vegetable substances. 
Properties, — Colourless gas with negative properties. 
Preparation, — (a.) By abstracting from air by means 
of P or Cu, &c. 
(p.) By abstracting the hydrogen from ammonia 
(NHg) by chlorine. 

3C1 + 2NH3 = 6HC1 + N2 

(c.) By heating certain salts. 

6, NH^NOa = Ng + 2H2O 
Ammonic nitrite. 



12 
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OXIDES OF NITROGEN. 

TABLE rV. 



Preparation of aU the Oxides of Nitrogen from a Nitrate or 

Nitric Acid. 


2AgN0,+Cl, =2AgCl +0 + NjO^ 
4HN0, +Sn =SnO, + 2H,0 + 2N,04 
2HN0, +A8,0, -AnjO^ + H,0 + N,0, 
8HN0, +8Cu =8Cu2NO,+ 4H,0 + N,0, 
lOHNO, +4Zii =4Zii2NO,+ 6H,0 + N,0 
2KN0, +6Z11 =6ZnO + K,0 + N, 
2KN0, +6KHO + 8Zn = 8ZnO + 4K,0 + 2NH, 



Nitric Anhydride, NgO^. 

White deliquescent solid. 
Preparatimi, — See Table lY. Forms with water nitric 

acid. 
Nitric acid, — ^HNOg 

P..rw.;,/,-o., a / ^^^0^ + H2SO4 - NaHSO, + HNO3 
Preparatwnr-0 j ^^^^^^ ^ KaHSO, = Na^SO, + HNO 

HNO3 acts in three ways : 
(a.) As an acid. 
(h,) As an oxidizing agent, 
(c.) As a producer of nitro-substitution com- 
pounds. 

TABLE V. 



8 



Action of Nitric Add on Metals, dsc. 



Strong, 
Au Pt Al Fe. = No action. 
Zn=Zn2N03+NaO + HaO 



Sn = Sn0a+N,04+Hs0 

Sb=Sb,0,+NaO,+NO 
A8 = A8j05+NaO, + NO 
Pb, Bi, Ou, Ag= Nitrates + NO 



Dilute. 
Au Pt Al + No action. 
re = rej6N0, + N0 
Zn=Zn2N05 +NH4NO, + 

H,0 
No action unless boiled for 

some time. 
No action. 
AbjOj+NO 
The same. 
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Tablb y. — continued. 



On Acids cmd Acid Radicalt. 

Oxalic = NO + CO, + H^O 

Sulphuroufl = NO + HjS04 

Hydrochloric = NOa, + 01 

Thio-sulphuric = NO + S + HjSO, + HjSO^ 

S = HgSO^ 

P = H.PO^ 

I = HIO, 



On Hydrocarhona, 
Produces nitro-stibstitution compounds : 

eg., C,H« + HNO, = C«H,NOa + H^O 



TABLE VI. 



ReactwM of N Urates, 
All are soluble. 
When heated with H^SO^ = HNO, and sulphates. 

„ „ H3SO4 + 7eS0« = NO and sulphates. 

Action of HeaL 

All are decomposed. 

KNOg = KNO, + O 
NaNOg = NaNO, + O 
NH^NOg = NaO + 2HaO 

The nitrates of the heavy metals give off oxygen, nitric 
peroxide, and leave an oxide : 

e.g.y Cu2N08 = CuO + NjO^ + O 
Diagram explaining Explosion of Gtcnpowder, 




— ^KjS. And K9S + O from air=Kj804 
/ \ 



/ 

CO and CO, 
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Nitric Peroxide, N^O^. 

Reddish brown gas, condensible to a brown liquid. 

Preparation. — (a.) By decomposing nitrate by beat. 

0. CU2NO3 = CuO + + Nfi^ 

(b.) NgOj + O2 « K2O4 

IUaction8,—^jd^ + H^O = HNO3 + HNO3 

NjO^ + 2KH0 = KNOg + KJ^O^ + HgO 

Nitrous Anhydride, NgOg. 

Beddish brown gas, condensible to a blue liquid. 

Preparation, — (See Table IV.) Forms with water 
HNO2 nitrous acid, which is unstable. 

3HN0j = HNO3 + N2O2 + H2O 

Nitrites formed by absorption of N2O3 by hydrates. 

2KH0 + N2O3 = 2KNO2 + H2O 

Ammonium nitrite an exception. 

N2O3 + 2NH3 = 2N2 + 3H2O 

This explains the following : — 
e. 2NH4CI + 2KNO2 = 2KC1 + N4 + 4H2O 

Preparation of ammonium nitrite. 
e. Pb2N03 + V\ ^ Pb2N0 2 + 2PbO 
Pb2N02 + (NH4)2S04= VPbS04 + 2NH4N02 

Action of Heat on Nitrites, 
All decomposed leave an oxide and give off N2O3. 

2KN02 = K20 + N203 
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NiTRio Oxide, NgOg. 
Colourless gas, supports combustion of P or C. 
Preparation. — (See Table IV.). 

e, 2KN0o + GFeSO. + 4H2SO. = KoSO^ + SFegSSO^ -i- 

4H3O + N2O2 

Nitrous Oxide, NjO. 

(Laughing Gas). — Colourless gas, sweet taste, soluble 
in HgO. Supports combustion like oxygen, but 
volume of gas unchanged. 
Preparation, — (See Table IV.) 

Amkonia, NH3. 

Colourless gas, very soluble in HgO, pungent odour. 
Combines directly with acids to form salts. In- 
flammable with difficulty in air, with ease in 
oxygen. Undergoes slow oxidation to form 
NH4NO2 and NH4NO3. 

Preparation. — 

(a.) By heating ammoniacal salts with any 
alkaline hydrate. 

ft 2NH4Cl + Ca2HO = 2NH3 + CaCl2 + 2H20 

(&.) From a nitrate. (See Table IV., page 12.) 

It unites with anhydrous acids to form a distinct 
and peculiar set of salts. 



2NH3 + CO2 = VNH4NH2CO2 

Carbamate of ammonia. 

Chloride op Nitrogen, NCI3. — Oily liquid, very un- 
stable and explosive. 
Preparation.— ^n^Gl + SClg = 4HC1 + NCI3. 
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loDiDB OF Nitrogen (NHI, 1). — ^Black powder, imstable 
and explosive. 

Preparation.— NR^ + 2Ia = 2HI + NHI, 

Oarbozi»12, Tetrad. 



Occurrence. — Free and combined in nature. 
Properties. — Allotropic. Three principal varieties — 

(a.) Diamond ; (6.) Graphitoidal ; (c) Amoipliou& 
(a.) and (6.) found native. 

Preparation of (c) two varieties, animal and 
vegetable. 

By distillation of wood = Wood chaicoaL 
„ „ coal =Coke. 

,, ,, bones = Animal charcoaL 

TABLE VII. 



Products of IHsUUation of Wood, 

Watery JAqwfr, 

HsSO^ added to the resi 

due and again distilled = 

Liquids. — ^Watery Liquor. ^ HOgHjO,. 

Tar. 

Gases. — CH^, CO, C02,H,&C. /Agitated with NaHO to 

dissolve creosote, which is 



Tar. 



precipitated with HCL 



OxiDBS OF Carbon.— (a.) Carbonic Acid, COj 

Occurrence. — Free to a limited extent in air, laigely 
combined as carbonates. 

Properties. — Colourless, beavy gas, neither inflammable 
nor supporter of combustion, very soluble in 
water, condensible to a liquid and solid. Unites 
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with metallic oxides to f oim carbonates. Decom- 
posed by fused K. 

e. 3C0j + 2Kj = 2K2CO8 + C 

Preparation, — (a.) See Table VIII. 

(6.) CaCOj + 2HC1 = CaCl^ + HgO + CO, 

TABLE VIIL 





Action of Heat 


on CarhonuUM, 


• 




fK.CO, ) 


rKHOO. 


=K,CO.+ 


* Carbonates 
of 


Na,CO, >^o*«*^o^ iNaHCO.-Na,CO, 


AUudiea. 


) 


I +C0. 


+ H,0 




^ (NH4)3C0, sublimes unchanged. 




All other carbonates leave 


an oxide, and give 


off CO, 




e. CaCOa = 


CaO + CO, 





* These are the only lolable carbonates. The carbonates of heavy metals 
are lolable in water, containing exceis (tf COt 



Carbonic Oxide, CO. 

Properties. — Colourless gas, poisonous ; reducing agent; 
inflammable, burning to COj 

Preparation.— {6.) COg + C = 2C0 
{$.) HgCA + H2SO4 = -B^m^njd + CO + COg 

Action of sulphuric acid, strong and dilute, on K^FeCje 

(Strong) 6. K^FeCye + GHgO + GHgSO^ = 2K2SO. + 
, FeSO^ + 3(NH4)2S04 + 600 

(Dilute) e. 2K4FeCy e + GHgSO^ + x HgO = 6KHS0. + 
K2Fe(FeCye) +« H^O + 6HCy 

B 
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ReacHons. — Has no action on aqueous alkaline hj- 
diates, but if fused. 

e. KHO + CO « KCHOg 

CO + Clj =« COCI2 (phosgene gas). 

Sbsquioxide of Carbon, C2O3. — Not yet isolated ; exists 
in hydiated condition as H^CjO^ (oxalic acid). 



Belation of Oxalio Acid to Cyanogen. 

O 

w // 

N=C-C=N C C 



HOO replaces N, hence (CN)2 is the nitryl of 
oxalic acid. 

Preparation of an oxalate from cyanogen : 

e. 2CN + 2KH0 + 2H2O = K2C2O4 + 2NH3 

Usual preparation. — Sawdust moistened with aqueous 
KHO and heated, the cellulose is oxidized to 
oxalic acid : 

CeHioOs + O9 = 3H2CA + 2H2O 

which unites with K to form KgCgO^. Dissolve 
in water and treat with Ca2H0 : 



K2C2O4 + Ca2H0 = VCaCaO^ + 2KH0, 
finally CaG204 + HgSO^ = V^aSO^ + H2C2O4 
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Beaotionb of Aqueous Solution. 
H2CJO4 + Mn02 + H2SO4 = MnS04 + 2CO2 + 2H2O 



3H2C2O4 + 2AUCI3 = 6HC1 5 + 6CO2 + VAua 
5H2C2O4 + 2HIO3 = 10002 +6H2O + I2 



TABLE IX. 



Action of Heat in Oxalic Acid and Oxalates, 
^ JHaCjO^ =00, + HOHO, 

*'• j HCHo, =cq_ + H,0 

Ag,C,O4 = VAg,+20O, 
2(PbCa04)=Pb,6 +300, +C0 

All other oxalates give off 00 and leave a carbonate. 



The only soluble oxalates are those of the alkalies. 

Hydrocarbons. 

General characters, — Colourless inflammable sub- 
stances, consisting entirely of hydrogen and carbon. 
They are inflammable, and bum to COg and HgO with 
full supply of air. They are usually considered with 
the Organic Chemistry ; it is convenient, however, to 
study three of them at this stage. 

Marsh Gas, CH^ or CH3H. — Hydride of methyl, 
methane, fire-damp, light carburetted hydrogen. 

Occurrence. — Free in nature in marshes, also in blowers 
in coal seams. 

Preparation.— e. KCgHjOg + KHO = K2CO3 + CH^ 

e. CS2 + 2H2S + 4Cu = 4CuS + CH4 

Prop&iiies, — Colourless inflammable gas, lighter than air. 
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TABLE X. 



Action 


of Chlorine in Marah Gas. 


CH4 


+ 


CI, 


= OH.a 


+ 


Ha 


CH4 


+ 


2a, 


= OH,a, 


+ 


2Ha 


CH4 


+ 


sa. 


= OHa, 


+ 


8Ha 


CH4 


+ 


4a, 


= ca^ 


+ 


4Ha 



Forms an explosive mixtuie when mixed with air in 
oxygen in snflBcient quantity. 

CH4 + 2O2 = COg + 2H2O 
2voL + 4voL = 2vol. + 4voL 



Olefiakt Gas, CgH^. 

Heavy carbnretted hydrogen or ethylene. 

Occurrence, — In coal gas. 
Preparaticni, — 

TABLE XL 



Action of Svlphuric Acid on AlcoTuH. 

(a.) Acid in excess and high T^ 
e. C,H6HO + H,S04 = H,S04H,0 + C,H4, defiant gas. 

{h. Alcohol in excess and low T^ 
e, JC,H,H0 + H,S04=C,H6HS04 + H,0 

{ C,H6HS04+C,H5HO=H,S04 + (C,H,)jO, ether. 



Readiom, — CgH^ + Clg = CgH^Clg (Dutch liquid). 
If ^ C2H4 and f CI are mixed and ignited — 

C2H4 + 2Cl2 = 4HCl+ VC2 
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K passed into H2S04 = C2H5HS04 

SulphoYinio a<nd. 
This leactdon used in the synthesis of alcohoL 



Acetylene, C2n2. 

Colourless gas with distinctive odour. 
Preparation, — ^By synthesis. 
EeacHons. — 



2C2H2 + 2Cu2Cl2= VCU4C4H2O + 4HC1. 

Ammoniacal 
solution. 

If passed through KMnO^ 
C2H2 + 2O2 = H2C2O4 (oxalic acid). 



Coal Gas. 
TABLE Xn. 



ProducU of JHstiUation of Coal, 
Solids. Coke. 

liquids, j ^^^'y ^^^°^- I 



Gases. RCH^CsH^ 
COjCO, &C. 



Watery Liquor. 
Neutralised with H^SO^ and 
evaporated = (NH4),S04 
Tar. 
Distilled for Benzol, C^K^ 
CarboUc add, GeHsHO. 
^Anthracene, C14H10 
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Btruoturb of Flamb. 

Ordinary flame consists of three zones, arranged from 
within outwards as follows : — 



t 



a,) Zone of unburnt gases — ^non-luminons. 
b,j Zone of incomplete combustion — luminous, 
(c.) Zone of complete combustion — non-luminous. 



Blow-Pipk Flame. — Consists of two zones only, the 
external or oxidizing flame, the internal or re- 
ducing flame. 



The Halogens.— CI, Br, I, Fl. 

They are aU monads. 

Chlorine.— CI, 35-5. 

Occurrence. — Combined as chlorides. 

Properties, — Greenish yellow gas, suffocating odour, 
very soluble in water, condensible to liquid. 
Supports combustion of certain metals, phos- 
phorous, and of substances containing hydrogen. 

Preparation. — 

ft MnOg + 4HC1 = MnClg + 2H2O + Clg 

MnOo + 2NaCl + 2H2SO4 = MnSO^ + NagSO^ + 

2H2O + CI2 



e. 2HC1 + = HgO + CI 

^ j RCI4 = Pt + 2CL 
^' \ AuClg = Au + CI3 

Electrolysis of HCl. 



2 
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Reactions. — 



TABLE XIIL 



Action of Chlorine mi Metals. 



Aa 

Sb 
Bi 
Sn 

An 
Pt 



AsCI, 
Sba,' 
BiCl, 
SnOU 

AuClj 
PtCU 






•i 



Pb 
Fe 
Al 
Zn 



= PbCla 

= A1,C1, 
= ZnCL 



Ag=AgCl 
Cd =CdCla 



Ou =CuCla and Cn^Cl^ 



Hg=HgCla andHgaClj 



below 
red heat. 



AuOl 
PtCl 



I )at 



red 
heat. 



Au ) above 
Pt I ted heat. 



On Adds, 






HaCa04=Ha + C08 
HNO, =HC1 + HN0, 
HjS =HC1+S + H2S04 
HaSO, =HC1 + H,S04 



HaSjO, rrHCl + HaS^Oe 
H^FeCje = HOI + HsFeCy e 
HBr =HC1 + Br 
HI =H01 + I 



Powerful bleacher and oxidizer. Both properties 
only exerted in presence of HgO. 

CI2 + H2O = 2HC1 + O 

Forms chlorides, all soluble but three : 

* 

AgCl, HggClg, CU2CI2 

TABLE XIV. 



Action of HetU in Chlorides. 

PtCl^ = Pt + Cla 

AuClg = Au + CI, 

FojCl, = PejOj + 3C1, (in presence of air). 

Other chlorides no action. Most of them sublime unchanged. 
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Htdbochlobio Aoid, HCL 
ProperUes, — Colourless gas, very soluble in water. 

Prepar(a%on.— 1^ NaHSO, + NaCl = Na^SO^ + HCl 

ft 2H,0 + 2CL = 4HC1 + 0, 
H. + CL = 2HC1 



TABLE XV. 


Action o/HCl Solution on Metals, 


Strong. 


DUnte. 


K c= KCl + H 


Kd + H. 


Na = NaCl + H 


Nad + H 


Mg = MgCl, + H 


MgCl, + fl 


Al = Al,Cle + H 


Al,Cle + H 


Zn = ZnCl, + H 


ZnCl, + H 


Fe = Fed, + H 


Fed, + H 


Sb = No action 


No action. 


Tf heated = SbC^ and H 




Sn = SnCl, + H 


No action. 


Co = CoCl, + H 


Cod, + H 


Ni = NiCl, + H 


NiCl, + H 


Cu = Slowly covered with 


No action. 


crystalB of CugCl, 




Neither strong or dilate have any action, Hg, Pb, Bi, Ag, 

Au,Pt. 
If chlorine be passed into the above solutions — 


Fed, = FcjCle and SnCl, = Snd^ 


The others are unaltej^d. 


Action of Hd on Adds, 


HNO, =NOd+H,0 + d 


HCIO = H, + d 


HOlOj =C1,04 


HCrOs = CrOjCl, 



Hypochlorous Anhydride, ClgO. 



Properties, — Gieenish yellow gas. Unstable and 

plosive. Soluble in HgO to HCIO. 
Preparati(m.—e. 2HgO + 2CI2 = HgaOClg + Cl^O ' 



ex- 
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Htpoohlorous AoiDy HCIO. 

Preparation. — 

2HgO + 2CI2 + H2O « VHggOClg - 2HC10 
Beacltons.— HCIO + HCIO = Clg + H^O 

2HC10 + AggO = 2AgCl + H2O + Og 

Fortns hypochlorites — 

HCIO + NaHO « NaClO + H^O 

TABLE XVI. 



Action of CI in Alkaline Hydrates. 




(a.) Cold,— 2KH0 + CI, = KCIO + KCl 
2NaH0 + CI, - NaClO + NaQ 


+ H,0 
+ H,0 


(6.) Hot.— 6KH0 + 8C1, = 6KC1 + KCIO, 
6NaH0 + Sa, = SNaCl + NaaO, 


+ 8H,0 
+ 8H,0 



Bleaching Powder, CaCl2,Ca2C10 

Preparation.'-CeL2B.O + 2CI2 + CaCl2Ca2C10 + 2H2O 

Beaciions, — (a.) Small quantity of H2SO4 

CaCl2,Ca2C10 + HgSO^ = CaCL + CaSO. 

+ 2HC10 
(b.) Excess of H2SO4 

rCaC12Ca2C10 + 2H2SO4 = 2CaS04 + 2HC1 
■ + 2HC10 

and 

2HC1 + 2HC10 = 2CI2 + 2H2O 



1 



(c.) Action of heat. The chloride undergoes no 
change ; the hypochlorite is changed as under : — 

ft 3Ca2C10 =. 2CaCl, + Ca2C108 
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Chlorous ANHTDRiDBy CI^Oj. 

Properties. — Greenish yellow gas. 

Preparation. ( KCIO3 + HNOj = HCIO3 + KNO3 
a J Ho AsOo + HNOj = H3A8O4 + HNO2 
^- S KNOa + HC103 = HC102 + HNO3 
( 2HCIO2 = CI2O3 + HjO 

Iteaetion8.—0. 3CI2O3 + SHaO = 2HC1 + 4HC10. 

ClgOg + 6HC1 = 4CI2 + 3H2O 
Salts unimportant. 



Chloric Peroxide, CI2O4. 

Properties, — ^Deep yellow gas. 

Preparation.— SKCIO^ + 2H2SO4 = KCIO4 + 2KHSO4 

+ H2O + CI2O4 

Reactions.— ChO. + HgO = HCIO3 + HCIO2 

2KH0 + ClgO^^ KCIO3 + KCIO2 + H2O 

Chloric Acid, HCIO3. — 'So known anhydride. 

Properties, — Syrupy acid liquid, igniting charcoal or 
other carbonaceous matter. 

Preparation. — 

Ba2C103 + H2SO4 (dil.) = 2HCIO3 + VEiSO; 
Reactions.— e. SHClOg = HCIO4 + H2O + CI2 + 2O2 

Forms chlorates, all of which are soluble and resemble 
nitrates. 



Manufacture of Chlorate of Potash. 

^ j 6Ca2HO + 6CI2 = Ca2C103 + 6CaCl2 + GHgO 
^•tCa2C103 +K2C03= ^/OiC03+ 2KCIO3 
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Perchloric Acid, HCIO4. — No anhydride known. 

Pteparation, — 

ft 2KCIO3 = KCl + KCIO4 + O2 

Separate by crystallisation. 
e. KCIO4 + H2SO4 (diL) = 2HCIO4 + K2SO4 

TABLE XVII. 



{ 



Action of SO2 on Acids of GL 

HCIO ) 

HGIO, \ reduced to HCL 

HCIO, ) 

The others unacted upon. 



Phosgene Gas, COClg. 

Proper^ie^.*— Colourless irritating gas. An acid 
chloride decomposed by HgO. 

COCI2 + H2O = CO2 + 2HC1, 
hence acid chloride of carbonic acid. 
Preparation, — By direct union. 

CO + CI2 = COCI2 
^ac^*ow«.— 4NH3 + COCI2 = CO2NH2 + 2NH4CI 

Urea. 

Carbon Chloride, CCI4. 

Properties. — Colourless refractive liquid. Insoluble in 

water, soluble in alcohol and ether. 
Preparation.— e. CSg + Cl^ = CCI4 + S2CI2 

Separate by KHO, which dissolves the SgClg 
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Iodine.— I = 127. 

Oeeurrenee. — In sea water, sea weed, and ceitain 

springs, as !N'aI. 
Properties, — Black metallic looking solid, slightly 

soluble in HjO, more so in alcohol, and freely in 

ether. 
Preparation. — From "kelp," the fused ash of seaweed. 

The kelp is heated with water, and the solution 

evaporated to separate out salts, the residue is 

distilled with MnOg and H2SO4 : 

d. 2NaI + MnOa + 2H2S04=:Na2S04 + MnS04 + 

2H2O + I2 

Reactions, — Unites directly with some metels to form 

iodides. It is displaced from ite combination by 

chlorine. 

2K1 + Cl^ = 2KC1 + I2 

It decomposes thiosulphate of soda in aqueous 

solution. 

2^28203 + I2 = 2NaI + Naj^S^Oe 

Tetrathionate of Boda. 

Unites with starch to form iodide of starch, 

which is blue when cold, colourless when hot. 



Htdriodic Acid, HL 

Properties, — Colourless gas, soluble in water ; solution 

unstable. 
Preparation. — 0, Hg + I2 = 2HI 

e, SHgO + 5I2 + P2 = lOHI + 2H3P04^ 

In aqueous solution Ij + HgS = 2HI + ^^ 

Reactions.— 2B1 + C\ + 2HC1 + Ig 
2HI + 2Hg + Hgglg + H2 
Forms iodides. 
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Manufacture of KI. 

r 6KH0 + 61 = SKI + KIOj + SHgO ) 
\ 0. KlOg + 3C = KI + 3C0 / 

Iodic Anhtdbide, I2O5. 

Properties, — ^White solid. 
Preparation.— e. 2B10^ = Kfi + IgO, 

Iodic Acid, HIO3. 
Preparation, — 
Ij + 6HNO3 = 2HI08 + 2H2O + 2N2O3 + NjO^ 
Forms iodates, which are similar to chlorates. 

Eeactions.—RlO^ + 5HI = 3H2O + Slg 

Periodic anhydride and acid, I2O4 and HIO4. Cor- 
responds to HCIO4, and prepared in the same 
maimer. 

Bromine.— Br = 80. 

Occurrence, — Same as iodine, as MgBrg 
Preparation, — Same as iodine. 

Properties. — Red fuming liquid, having similar proper- 
ties to iodine as regards solubility. 

Htdrobromio Acid, HBr. 

Properties, — Colourless ga?, soluble in water. Solution 

unstable. 
Preparation, — Same as hydriodic acid. 
Iteactions,—BBT + CI = HCl + Br 

0. HBr + H2SO4 = SO2 + HgO + Br 
Forms bromides. 

Bromide of potassium, KBr, prepared in a similar 
manner to KI. 
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IItpobrohous Anhydride and Aoid. 
Hipiilar to hypochloroos anhydride and acid. 

Bbomio Acid. 
Preparation,— BeL2BxO^ + H2S04= ^/BaSO^+ HBrOj 

Fluorine.— Fl = 19. 

Oeeurrencji, — As CaFlj 
Preparation, — Not known. 



Htdrofluorio Acid, HM. 

Preparation.— 0, CaFlg + H2SO4 = 2HF1 + CaS04 
Properties, — Colourless gas, condensible to a liquid* 

Soluble in water. 
Eeactions.- — Dissolves all the metals except Pb, Ag, 
. Pt, Au, and Mg. The dry gas has no action on 
glass, but if wet 

4HF1 + SiOg = 2H2O + SiFl^ 

A gas. 
TABLE XVIII. 



* 


Review of Halogen Group, 




CI 


:Br 


I 


Fl 


HCl 


HBr 


HI 


HJbl 


Hcio(a20) 


HBrO— (Br,0) 


— 


— 


HC102(C1,03) 








- ci,o. 




— 




HClOs — 


HBrOs 


HlOsd.O.) 


— _ 


HC104 




HIO,(I,0,) 


— 
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Sulphur.— S = 32. 

Atomicity, — Dyad when united to basylons radicals. 
Occurrence, — Free and combined in nature. 

Properties, — ^Yellow solid. Allotropic and dimorphous. 
Three forms — (a.), (P.), and (y.) 

(a.) Octahedral crystals, soluble in CSg 

()8.) Prismatic crystals, soluble in CSg, made by 

(y.) Action of heat on (a.) 

Brown amorphous plastic mass, insoluble in 
CSg, made by melting Sa or Sj3 at a high tem- 
perature, and pouring into cold water. It is 
spontaneously transformed into S (a). 
It unites directly with most of the metals, excepting 
Au, Pt, and AL With Fe, Cu, Zn, and Sn, it unites 
with avidity. 

It is inflammable, and bums in air to its lowest 
oxide, SO2 



Sulphuretted Hydrogen, HgS. 

(Sulphydric acid.) 

Occurrence, — Free in nature, in certain springs, and in 
volcanic districts. 

Properties. — Colourless gas with characteristic odour; 
very soluble in water; inflammable, burning in 
full supply of air to HgO and SOg 

If air be insufficient it produces HgO and ^S 
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Preparation,— {a.) FeS + H2SO4 dil. = HgS + FeS04 
If strong H2SO4 be used the gas is decomposed. 
HgS +H2S04= 2H2O + SO2 + S 

(h.) &\B^ + 6HC1 = 2SbCl8 + 3H2S 

0. II2 + S = £^2^ 

Eeadions, — ^When passed through a tube heated above 
redness undergoes dissociation. 
' It is decomposed by most metals if heated : 

le., ft Cu + HgS = CuS + H2 
Kg + HgS = KgS + Hg 

It converts oxides to sulphides : 
CaO + H2S = CaS + HgO 

It converts alkaline hydrates to sulphydrates : 

KHO + HgS = KHS + H2O 
On exposure to air these solutions turn yellow : 

2k:hs + = K2S2 + H2O 

TABLE XIX. 



MetaUic Salts precipitated in Aqueous Solution hy H^S. 



In add solution — 
Au Pb As Sb 
Pt Cu Cd 
AgSn 
Hg 
* These metals are thrown down as hydrates, the remainder as snlphidesi 



In alkaline solution — 
Fe Mn Zn ♦Cr 
Ni ♦Al 
Co 
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TABLE XX. 



Special reactions of H 



Fe,Cle 
Fe.O, 


+ 
+ 


2HaS 
3H,S 


4HNOs 


.+ 


6H,S 


CI, ) 


+ 


H,S 


2CrO, 

SO, 
lOSO, 


+ 
+ 
+ 
+ 


8H,S 
5H,S 

2H,S 
10H,S 



,S ifi Aqveotu Sciution or suspended 
in Water, 

= FeCl, + 4HC1 + v^, 
= 2FeS + 3H,0 + Vg" 
= 2(NH,N0,) + 4H,0 + Vss; 

(HCl 
= 2]HBr + Vs 

(HI _ 

= VCr,0, + 3H,0 + VSs 
= (NHJ.SO^ + H,0 + n/2§; 
= 2HaO + 3S (Both gases dry). 
= 2H0S.O 



a«5' 



+ 8H,0 + 



in aqueous sol". 



Sulphides are formed in four ways : 
(a.) By synthesis : ^. Cu + S = CuS 
(b.) Eeducing sulphates : 

ft NagSO^ + C = NaaS + 4C0 

(c.) Boiling hydrates with sulphur, 
(c?.) By precipitation : 

CU2NO3 + HgS = VcJilS + 2HN08 

TABLE XXL 



Action of Heat on the Sulphides. 

(a, ) In Air. — All are decomposed, evolving SO, and leaving 

an oxide. The sulphides of Ag Pt and Hg leave the 

metals. 
(6.) In Hydrogen. — 

ZnS, MnS, PeS, CuaS, NiS = No action. 

AU3S3, AgSs, Bi,Ss, SbsSg = HjS and metals, 
(c. ) In Chlorine. — All are decomposed, forming chlorides and 

setting free sulphur. 
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Htdbosulphtl, HjSj. 

Oily liquid, unstable. 
Pr(^raium,—CaS^ + 2HC1 (diL) « CaCljj + HjjSg 



SULFHUBOUB AnHTDRIDI; SO,. 

Prqperitee. — Colourless gas, pungent smelL Soluble 
in water, with which it forms HgSOj 
Beducing agent and bleacher : 

la + SOa + 2H2O = 2HI + HjjSO^ 
N2O3 + SO2 = SOg + 2N0 

Preparaiion. — 

(a.) ft S + Oa = SO2 

(&.) By boiling any heavy metal with concentrated 

ft Cu + 2H2SO4 = CUSO4 + SO2 + 2H2O 

(c.) ft C + 2H2SO4 = CO2 + 2H2O + 2SO2 

(d.) By roasting sulphides in air. 

Reaction, — Supports combustion of Fe, Sn, Pb, Zn, K, 
Na, producing sulphides and oxides. 

ft 2Zn + SO2 = ZnS + 2ZnO 

PbOg is spontaneously inflammable in SOg : 
ft PbOa + SO2 = PbSO^ 
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Decomposed by nascent hydrogen : 

3H, + SOjj = 2HjO + HjS 

Forms sulphites, the only soluble salts being those 
of the alkalies. 



Action of Sulphites on Silver Salts. 
, ^ I K2SO3 + 2AgN03= VAggSOj + 2KNO3 



SuLPHUBio Anhtdride, SOo. — ^White Solid. 



Preparaiion. — Not by direct union, except through 
the agency of spongy platinum, then — 

e. SO2 + = SO3 

By subliming it from Nordhausen, sulphuric acid, or 
from an anhydro-sulphate : 

« 

0. H2SO4SO3 = H2SO4 + SO3 
e. NajSO^SO, 

or ^ }= NagSO^ + SO3 



NajSO^SOg ] 

or > = 

NajSaOy J 



Properties, — ^White, silky crystals, with a strong afl&nity 
for water, with which it forms HgSO^ sulphuric 
acid. 

* Compare this reaction with that of the thiosulphates. 
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SuLPHURio Acid, H2SO4. 

Nordliausen or Fuming Sulphuric Acid, HgSO^SOg 

Preparation. — By exposing iron pyrites to air, they 
undergo oxidation, forming FeS04 

2FeS04 + (air) = re202SO^ basic ferric sulphate. 

This is next distilled, and the product received in 
ordinary HgSO^ 

^ ft Fej02S04 = FejOj + 2SO3 

Ordinary Sulphuric Add, HgSO^. 

Preparation,— {a.) SOg + BLjO = HgSO^ 

{S + O2 = SO2 
SO2 + 2HNO3 = H2SO4 + ^;p^ 
2H2SO3 + N2O4 = 2H2SO4 + N2O2 
N2O2 + O2 = N2O4 

Sulphur or pyrites are burned in a current of aiif and 
after mixing with nitric acid, evolved from NaNOg 
and H2SO4, is passed into leaden chambers, where the 
above actions take place. The acid so formed is con- 
centrated first in leaden pans and afterwards in glass 
or platinum vessels. 

Properties. — ^A dense, oily, acid liquid, having a strong 
affinity for water, decomposed at a high tempera- 
ture. 

ft H2SO4 = H2O + SO2 + O 
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TABLE XXII. 



Action of Sulphuric Addon Metals, 


Strong, 


DUxUe, 


K = KjSO^ + H 


K = K,804 + H 


Na= Na,804+ H 


Na = Na.SO^ + H 


Ca = CaSO^ + H 


Ca = CaSO^ + H 


Ba = BaSO^ + H 


Ba = BaS04 + H 


Mg, Al, Zn, Fe, Ag, Ni, Co, Mn, 


Mg = MgHO^ + H 


Cu, Hg, Sn, Ci No action 


Al = AI.SSO^ + H 


in cold. 


Zn = ZnSO* + H 


If heated = 


Fe = FeSO^ + H 


MgS04,Al,3S04,ZnS04,FeS04 


Ni = NiSO^ + H 


Ag,SO^Ni804,CoS04,MnS04 
OuS04,HgSO^,SnSO^,Cr,3SO^ 


Co = CoSO^ + H 


Mn = MnaO^ + H 


and evolution of SO, 


w "' ?*» *^^ 1 No action. 
Hg, Ag, Pb, { 


Au, Ft, and Bi no action. 




n., TC It Qi»- 5 No action if air 
Cu,Bi,&Sb=| be excluded. 



TABLE XXIIL 



Action of Sulphur 

HaC,04 = HaO + CO, + CO 
HjS =HaO + SO,+8 
♦ 1 H. FeCy e = H Cy if strong, 
j „ =C0 if weak. 
HCIO3 =HC104 + Cla04 


ic Acid <m Adda, 

HNO, = NO + HNO, 
HaSjOa = 8 +SOa + H,0 
HBr = Bp +S0,+H,0 
HI =1 +SO, + H,0 



* (a.) H4FeCye + 6HaO + 6H,S04 = 6CO + 2KjS04+FeS04 + 

3(NHJ,S04 

(6.) 2H4FeCye +6HaS04 +a;H,0=6HCy + 6KHS04 + K,Fe 

(FeCye) + a;H,0 



Action op Hkat on the Sulphates. 

Normal Sulphates of Alkalies, 

No action. 
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Acid Sulphates of Alkalies. 

Normal sulphate left, excess of acid, and water 
driven ofif : 

i,e. 2KHSO4 = KaSO^ + HgO + SO, 



Anhydro Sulphcdes of Alkalies. 

Normal salt left, and excess of acid driven off: 
t.e. KgSO^, SOg = K2SO4 + SO3 

Sulphates of Zn, Cd, Ni, Co, Mn @ red heat = No change 

above red heat = Oxide 



» » » 



and SO2 and O. 



Svlpliates of Sesquioxides of Iron Group. 

Residue of oxide, and give off SOg and SOg 
All sulphates when heated with C = sulphide. 

Thiosulphurio Acid, HgSgOg. 

(Hyposulphurous Acid.) A hypothetical acid form- 
a set of salts thiosulphates. Most important 
salt, NagSgOg. 

Preparation op Sodium Thiosulphatb. 

(a.) In aqueous solution, NagSOg + S = NagSgO, 
(b.) { 2CaS + 2O2 = CaSgOg +CaO 

CaSgOg + NagCOg = ^CaCOg + NagSaOg 

Properties, — White crystalline salt, soluble in HgO 
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Beadions. — (See Iodine, page 28.) 
On silver salts — 



2AgN0, + Na,SA = JAg^^^z +2NaN03 
The AgjSgOg is soluble in excess of Na^SjOj 
fonning NaAgS203 

If AggSgOg be boiled, 
AggSA + HgO = VAp + H2SO4 

All the haloid salts of silver are soluble in aqueous 
solution of NagSjOg 

The thiosulphates are all decomposed by acids : 
NagSgOg + 2HC1 = 2NaCl + H2O + V§ + SO3 

Htposulphurous Acid, HjSOj. 

Also called hydrosulphurous acid 

Preparation,— Zn + H2SO3 = ZnO + HgSOg 

Properties, — Yellow, unstable liquid, having a strong 
affinity for oxygen. Powerful bleacher. 

The higher acids of sulphur are called Thionic Acids, 
with a prefix denoting the quantity of S they 
contain. 

Di — thionic HgSgO^ 



Tri 


») 


HgSgOg 


Tetra 


» 


H2S408 


Penta 


79 


H2S50, 



Carbon Dibulphide, CS5 
Preparation. — ft 83 + = CSg 
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Properties. — Mobile colourless liquid, having peculiar 
odour, not miscible with water. Inflammable^ 
burning to COg and SO2 with a pale blue flame. 
It is decomposed by potassium in a similar way 
toCOj 

ft 2K2 + CS2 = 2K2S + C 

Reactions, — (a.) On aqueous solutions of hydrates : 

6KH0 + SCSjj = 2K2CS3 + K2CO3 + .SHjO 

Sulpho-CarboDate. 

(ft.) If hydrate be heated and CS2 vapour passed 
over it : 

ft 2Ca2HO + CS2 = 2CaO + COg + 2H2S 

(c.) With sulphides : 

1^28 + 082 = K2C83 

(c?.) With alcoholic ammonia : 

C82 + 2NH3 = NH4CN8 + HgS 

Sulpho-Ojanate. 

Sulphur and Chlorine. 
SuBOHLORiDE most common, SgClg. 

Preparation. — ft 82 + CI2 = S2CI2 

Properties. — Eeddish mobile liquid, decomposed by 
water. 

2S2CI2 + 3H2O = 4HC1 + SO2 + H2O + 38 

DiCHLORIDB, SClg. 

Preparation. — By using excess of chlorine. 
Properties. — Decomposed by light and water. 
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Chloridb of Sulphuryl, SOgClj. 

Preparation, — (a.) Direct union of SOg and Clg in 
sunlight. 

(6.) ft H2SO4 + 2PCI5 = 2POCI3 + 2HC1 + SO2CI2 

Properties, — Colourless fuming liquid, decomposed by 
water. 

SOjCla + 2HaO = 2HC1 + HgSO^ 

Chloride of Thionyl, SOClg. 

Preparati(m.—^0^ + PCI. = POCI3 + SOClg 

Properties. — Colourless refractive liquid, decomposed 
by water. 

SOClj + 2H2O = 2HC1 + H2O + SO2 

Selenium and Tellurium are unimportant. 

PllOSphorOTlS. — P = 31 Triad and Pentad. 

An allotropic element. 

Occurrence. — Never native, always in combination, 
generally with lime, as Ca32P04 

Preparation, — (a.) Yellow crystalline variety. Bone 
ash dissolved in HgSO^ 

Ca32P64 + 2H2SO^ = 2CaS04 + CaH42P04 

The CaS04 is separated, and the superphosphate of 
lime, CaH42P04 is heated. 

0. CaH42P04 = Ca2P03 + 2H2O 
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The metaphosphate of lime is distilled with carbon. 

ft 3Ca2P03 + Cio = Ca32P04 + lOCO + P^ 

or 
ft 2Ca2P08 + 2Si02 + SCg = 2CaSi08+ lOCO +V^ 

(b,) Amorphous Phosphorous, Red Phosphorous. 

By acting on yeUow phosphorous at a temperature 
of 230" C. to 245- C. for at least thirty hours. 

Properties, — (a.) . Yellow, 

Yellow crystalline solid, usually in sticks; soluble 
in bisulphide of carbon, oil, and turpentine, very 
poisonous and inflammable, burning to P2O5. It 
has a great affinity for oxygen, and to prevent 
spontaneous ignition is kept under water. 

{h,) Red, — An amorphous red powder, which is 
neither soluble in CSg nor poisonous; it is not 
combustible until converted into the yellow form, 
which it can be at a temperature above 248*" C. 

Phosphurbttbd Htdbooen. 

Three forms : 

(a.) Gaseous, PH3 

Preparation,— e. 2HPH2O2 = H3PO4 + PHg 

ft 3NaH0 + P4 + 3H2O = 3NaH2P02 + PH3 

Properties, — Gas with characteristic odour; in- 
flammable, burning to H3PO4. Unites under 
pressure with HCl to form PH^Cl, phos- 
phonium chloride. It decomposes aqueous 
solutions of metallic salts. 



2PH3 + 3CUSO4 = VC1I3P2 + 3H2SO4 
PH3 + 8AgN03 + 4H20= V^A^ + HgPO^ + BHNO^ 



NON-MBTALLIO BLBMBNTS. 43 

(6.) Liquid, PjjH^ 

Preparation.— C^^^ + 4H2O = PgH^ + 2(Ca2HO) 
Properties, — Spontaneously inflammable. 

(c.) Solid, P4H2 

Preparation. — If HCl be used instead of HgO, 
then the solid compound is obtained. 

PHOSPHOROUS OXIDES AND ACIDS. 

Phosphorous Anhydride, PgOg. 

Preparation. — By combustion of phosphorous in a 
limited supply of 0. 

Properties. — White deliquescent solid, oxidizable ; 
unites with water to form H^POg, phosphorous 
acid. 

Phosphorous Acid, HgPHOg, not H3PO3. 

As only two atoms of hydrogen are displaceable, it 
is thus a dibasic acid. 

Preparation. — By passing chlorine through phospho- 
rous melted under hot water. 

PCI3 + SHgO = HgPHOg + 3HC1 

Properties. — White deliquescent crystals, unstable. 

Phosphoric Anhydride, PgOj. 

Preparation. — By direct union. 

e. Pa + O5 = P2O5 

Properties. — White deliquescent solid. Unites with 
water to form three distinct acids. 
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PgOg + HgO = 2HPO3 metaphosphoric acid- 
/ P2O, + 2H2O = H^PgO, pyro „ 
P2O5 + 3H2O = 2H3PO4 ortho „ 






Metaphosphoric Acid, HPO3. 

Preparation, — By heating glacial phosphoric acid to 
redness. 

Metajphospliatea made by heating the dihydrogen phos- 
phate. 

e. mHgPO^ = NaPOg + HgO 
Pyrophosphoric Acid, H^PgOj. 



Preparation,— ?h,^jd J + 2H2S = V^PbS + H^PgO^ 

Pyrophosphates are made by heating monohydrogen 
phosphates. 

ft 2Na2HP04 = Na^PgOy + H2O 

Orthophosphoric Acid. 

Preparation. — 

(a.) ft 3P4 + 20HN03 + 8H20 = 12H3P04 + 20NO 

(b. CaH42PO^ +H2SO4 = VS^SO^ + 2H3PO4 

Preparation of Phospftates of Soda, 

If phosphoric acid is added to sodic hydrate until 
alkaline reaction be gone, or if sodic hydrate bo 
added to phosphoric acid until acid reaction be 
gone, we have NagHPO^ in solution. 

HgPO^ + 2NaH0 = Na^HPO^ + 2H2O. 
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This is common phosphate of soda, usually made in 
following manner : 

CaH^2P04 + NagCOj = V^SffiPO^ + NagHPO^ i 

CO2 + HgO 



Preparation of Dihydrogen Phosphates. 
NfiUjHPO^ + HgPO^ « 2NaH2P04. 

Preparation of Trisodic Phosphate. 

NagHPO + NaHO = NagPO^ + HgO. 

This salt is unstable, and is decomposed by water 
gradually. 

TABLE XXrV. 



A ction of Heat on FhotpJuUea of Soda and Ammonia, 


(1.) Na,PO, 
(2.) 2Na,HP04 
(3.) NaHjPO^ 
(1.) (NHJ,PO, 
(2.) (NHJ,HPO, ) 
(3.)NH,H,P0, 1 
(4.) NH^HNaPO^ 


= nil. 

= Na^PaOy + HjO 
= NaPOg + H,0 
= No Salt of this formula. 

= NH, + HjPO^ 

= NH, + HgO + NaPO, 


Microcosmic salt. 





Htpophosphorous Acid, HPHgOg (HgPOg). 

Preparation, — 

e, j 3(Ba2HO) + 2P4 + 6H2O = 3Ba2PH202 + 2PH8 
t Ba2PH202 + H2S04(diL) = ^B^ + 2H3PO2 
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Properties. — Great ledncing agent^ tends to become 
HsPO, 

ft KHaPOjj + 2KH0 = K5PO4 + 2Hj 

Action of HeaJt on Hypophosphitea. 
SNaHgPOa = Na^PjO^ + KaPOj + 2PH3 + 2R^ 

CHLOKIDES OF PHOSPHOKOUS. 

Phosphorous Chloride, PClg. 

Preparation, — ^By direct imion with phosphorous in 
excess. 

Properties, — Colourless volatile liquid. 

Reactions,— VC\ + SHjO ^ 3HC1 + HgPOg 

Phosphoric Chloridb, PCI5. 

Preparation. — By direct union with chlorine in excess. 

Properties. — Solid crystalline compound. 

Reactions.— (a.) PCI5 + H2O = POCL + 2HC1 
(b.) PCI5 + 4H2O = 5HC1 + H3PO4 

Sulphur and phosphorous unite directly to form 
several sulphides. 

Boron.— B = 11 Triad. 

An allotropic element. 

Occurrence. — Never native ; always combined as borates, 
as boracic acid, or sulphide of boron. 



SrON-HKTALLIC BLBMBNT8. 47 

PreparoHan. — 

(a.) Amorphous. — Green powder, bums in air to 
BgOg 

e. B2O3 + 3Na2 = SNap + B^ 

(h,) Diamond. — Colourless crystals. 

Alg + BjOg = AlgOg + Bg 

(c.) GraphitoidaL — ^Dark crystalline plates. 
2BFI3 + Alg = ALjFle + Ba 

Boric Oxide or Boraoio Anhydride. 

Preparaiion.—e. 2H3BO8 = B2O3 + 3HjjO 

Properties. — ^A white glassy substance, soluble in water, 
and, when fused, haying the property of dissolving 
metallic oxides. 

BORIO OR BORACIC AoiD, HgBOg. 

Occurrence, — ^Free in lagoons of Tuscany, formed in 
probability by the following reaction : 

B2S3 + 6H2O = 2H8BO3 + 3H2S 
PreparcUion, — 

(a.) By evaporation of watery solution obtained 
from the lagoons. 

(&.) By acting on borax with sulphuric acid. 

2NaB02.B203 + H2SO4 + 5H2O = 

4H3BO3 + Na2S04 

Properties. — ^White crystalline scales, not freely soluble 
in water ; volatile in presence of steam, but fixed 
when anhydrous. 
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BOBON NlTBIDli^ BN. 

Preparation. — By direct union. 

Aoc^um.— 2BN + SHjO = 2NH, + B,0, 

BOBON SULPHTDB, B^S,. 

Preparation.— 0. 2BjO, + 80 + 3CSa = 2BaS8 + 600 

BOBON Ohlobide, BOls, liquid. 

2a8 + B,0, + Oa = 2B01, + 300 

Deoompoied by water — 

BOl, + SHjO = H3BO, + 8H01 

BoBON Fluobidb, BFl,, Oolonrless gas. 

Preparation. — 
BaO, + SCaFla + SHaSO^ = SCaSO^ -f 3HjO + 2BF1, 

DeoompoBed by water — 

4BF18 + SHaO = HjBOg = SBFljHFl 

H>4roflaoboric add. 



Silicon— Si =28-5 Tetrad. 

Allotropic element, analogous to carbon. 

Occurrence. — Combined as silica, SiOg, and as sQicates. 
Preparation. — 

(a.) Amorphous. — Brown powder. 

SiFl^ (NaFl)^ + 2Na2 = 6NaFl + Si 

Silico fluoride. 

(6.) Graphitoidal. — If amorphous silicon be fused 
with aluminium, silicon in the form of dark 
crystalliue plates is obtained. 

(c.) Diamond. — Colourless crystals. 

e. SSiCl^ + 2AI2 = 2(Al2Cle) + 3Si 
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Silicic Hydridb, SiH^. 

Prcparorfton.— SiMgg + 4HC1 = 2MgCl2 + SiH^ 

Properties, — Colourless gas, spontaneously inflammable ; 
bums with white flame to SiOj and HgO 



SiucA, SiOg. 

Occurs free as sand and quartz, and combined as 
silicates. 

Forms two acids — HgSiOg, gelatinous silicic acid; 
and H^SiO^, soluble silicic acid. 

Glass. — (a.) Soluble. Made by heating flints and 
sodic hydrate together under pressure. 

(h,) Ordinary glass consists of double silicates of 
alkaline and other metals. 



Silicon Chloridb, SiCl4. 

Preparation.— e, SiOg + 2C + 2CI2 = SiCl^ + 2C0 
N.B. — No action if the carbon be omitted. 

Properties. — Colourless volatile liquid, decomposed by 
water. 



SiCl^ + 2H2O = 4HC1 + VSiOj 



Silicon Fluoride, SiFl^. 

Preparation. — 
0. 2CaFl2 + Si02-f 2H2S04 = SiFl4-f 2CaS04 4-2H20 ! 
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Properties. — Colourless gas, acted on bywater as under: 
3SiFl^ + 4HjO= ,»,^SiOj + 2(2HFLSiFg + HaO 

Hydrofluosiliicic Acid. 

Hydrofluosilic Acid, 211J?1SlF14. 

Preparation, — As above. 

Properties, — Colourless acid liquid, decomposed on con- 
centration into SlFI^ and 2HE1 

Heactions, — 

Small quantity of KHO — 
2HFLSiFl4 + 2KH0 = j2KFlSm^ + 2H2O 

Excess of KHO— 



2HFLSiFl4 + 6KH0 = ^SiOa + 6KFL + 4H2O 



Silicic Sulphide, SiSg. 
Preparation.— e. SiOg + CSg = SiSg + CO2 
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METALLIC ELEMENTS. 

First Group. — Alkaline Metals, KjNajNH^. 

General Characters, — All monads. Decompose water 
at ordinary temperature. Oxidizable, having to be 
kept under mineral naphtha. Their hydrates, oxides, 
carbonates and phosphates are soluble. Their carbo- 
nates and hydrates are not decomposed by heat. 

Potassium.— K = 39. 

Occurrence, — In plant ashes as carbonate. As sulphate 
(kainet) and chloride in Prussia. As bitartrate in 
argoL As silicate in certain minerals, such as 
felspar, &c. 

Preparation,— {a,) 6, KgCOg + 20 = 3C0 + K2 

{h,) Electrolysis of KHO Or KCL 

Oxides, K20,K202,K204. — The first is the only basic 
oxide. 

Preparation,— e, 2KH0 + K2 = 2K2O + Hg 
Properties, — ^White deliquescent solid. 

Hydrate. 
Preparation, — 

^' ^XTo^ } ^^CO, + Ca2H0 = VCSCO3 + 2KH0 



N 
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Properiiea. — ^White deliquescent solid. 

Carbonatb. 

Preparation, — By purifying wood ashes, or by ignition 
of bitartrate. 

BlOARBONATB. 

Preparation.— KnCO^ + HgO + COg = x/2KHC0l 

The other salts have been already referred to, or do 
not call for special notice. 

Sodium.— Na = 23. 

Occurrence, — Chiefly as chloride, NaCl, and nitrate, 

NaNOg 
Preparation. — Similar to potassium. 

Oxides. — Two, NagO (basic) and NagOg 

Hydrate. — Prepared like potassium hydrate. 



Carbonate — Salt Cake Process. 

^ / 2NaCl + H2SO4 = ISTaHSO^ + HCl 
^' \ NaHSO^ + NaCl = NagSO^ -f HCl 

The sulphate thus prepared is mixed with coal and 
limestone, and again heated, when the following reactions 
occur : 

0. NagSO^ + 4C . = NagS + 4C0 

e. NagS + CaCOg = NagCOg + CaS 

Soluble. Insoluble. 
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Dissolve out the carbonate and crystallise. 

Bicarbonate. — By passing COg over the crystallised 
carbonate. 

TABLE XXV. 



Special Beactiona of Solution o/NagCO,. 

Fegg, + SNaaCOa 4- 3HaO = V Fe^SHO +6NaCl + 8COa 

Al,Cle + SNaaCOa + 8HaO = V AlaSHO + SNaQ + 300, 

4MgS04 + 4NaaCOj+HjO = V8MgC03.Mg2HO + 
o^ any solable salt. 4NaaS0^+ CO, 

8Z11SO4 + 8Na,C0j + 2Hj,0= VZnCO,.2(Zn2HO) + 
or any solnble salt 3Na,S0^ + 200, 



Borate or Borax, Na202B203, found native as tincal, 
also — 

Prepared by neutralising NagCOg with H3BO3 
The other salts described elsewhere. 



Ammoiiiuin.— NH4. 

Hypothetical metal, never yet isolated. 

Ammonium Amalgam, — ^A concentrated solution of 
NH^Cl is poured on sodium amalgam, when an inter- 
change is supposed to take place, chloride of sodium 
being formed, and the ammonium uniting with the 
mercury to form an unstable amalgam. 

Hydrate, NH^HO. 

Preparation, — By passing NHg gas into water. 

Chloride. — (Sal. ammoniac) NH^Cl 

Preparation. — 

ft (NHJgSO^ + 2NaCl = Ka2S04 + SNH^Cl 
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Carbonate. — Ordinary smelling salts is a mixture of 
carbonate and carbamate. 

Preparation, — 
e. 3 (NHJ-SO. + 3CaC03 = 

(NH4NH2COJJ.2KH4HCO8) + 2NH3 + SCaSO^ 

It decomposes when dissolved in water, 

NH4NH2CO2 + H2O = (NH4)2C03 • 

Group IL — Metals op Alkaline Earths. 

Ba, Sr, Ca. 

General Characters, — All decompose water at ordi- 
nary temperature ; all are prepared by the electrolysis 
of the fused chlorides ; they are oxidizable, having to 
be kept under mineral naphtha. Their hydrates 
and oxides are only slightly soluble in water. The 
hydrates are decomposed by heat. They are all dyads. 
Their carbonates, sulphates, phosphates are insoluble. 



Barium.— Ba = 137. 

Occurrence, — As sulphate = (heavy spar). 

Carbonate = (witherite). 

Preparation, — (See general characters.) 

Oxides, — BaO and BaOg. The first is basic. 

BaO. Preparation,— e, Ba2N03 = BaO + KgO^ + 

BaOg. Preparation, — 6, BaO + O^BaOg 
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Hydratb, Ba2H0. 

Preparation.— (a.) BaO + ILfi = Ba2H0 

(b) BaClg + 2NaH0 = Ba2H0 + 2NaCl 

Chloride. 

Preparation. — (a.) From witherite : 

BaCOg + 2HC1 = BaClj + CO2 + H^O 

(b.) From heavy spar : 

0. ( BaSO. + 4C = BaS + 4 CO 
t BaS + 2HC1 = HgS + BaCl^ 

Nitrate, Ba2N03. 

Preparation. — (a.) From witherite : 

BaCOs + 2HN03=:Ba2N03 + CO2 + ttjO 

{b.) From heavy spar : 

^. / BaSO^ + 6C = BaS + 4C0 
t BaS + 2HNO3 = Ba2N03 -f H2S 



Calcium. — Ca = 40. 

Occurrence. — As carbonate in limestone, coral, Iceland 
spar, calcite, chalk, marble, <&c. 

Oxide, CaO. — By heating limestone, CaCOg 

Hydrate. — ^The oxide unites with water, evolving great 
heat, producing the hydrate Ca2H0. This pheno- 
menon is called <' slaking." Setting of mortar due 
to formation of carbonate. Setting of cement due 
to formation of silicate. 
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BULPHATB, CaSO^. 

Oerurrence. — Native as gypsum, CaS042H20, and 
selenite. 

Properiiea, — On heating, the gypsum loses the two 
molecules of water, and is now termed ** plaster 
of Paris ; " when this plaster " sets," it takes up 
these two molecules again. 

(/HLORIDB, CaClj. 

Preparation.— CslCOj^ + 2HC1 = CaCl^ + CO2 + HgO 
When fused, used for drying gases. 



Strontium —Si = 87-6. 

Occurrence,<^As carbonate (celestine). 
As sulphate. 

The salts are similar to those of Barium, but unim- 
portant. The nitrate and chloride are prepared from 
the sulphate in a similar manner to the barium com- 
pounds. 



Group III. — ^Mbtals of the Iron Group. 



Sub-Oroup, Mg, Zn, and Cd. 

General Character, — They are all dyads, and form 
isomorphbus salts. They are volatile and com- 
bustible, and form on]y one oxide, which is in- 
soluble. 
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Magnesium.— Mg = 24. 

Occurreffice, — ^As chloride in sea water. As dolomite 
^MgCOaCaCOg), steatite or silicate, meerscbaum 
(silicate}, &c. 

Preparation — By (a.) electrolysis of fused chloride. 

e. (h.) MgCLj + Nag =x 2NaCl + Mg 

Properties. — Silver white metal, decomposing boiling 
water slowly, and an aqueous solution of NH^Cl 
quickly. 

e. 4NH4CI + Mg = 2NH4CLMgCl2 + 2NH8 + Hg 
Fuses at red heat, and bums in air to form MgO 

Oxide, MgO. — White powder. 
Preparation. — By heating the carbonate. 

Chloride, MgClg. — ^White deliquescent solid. 

Preparation,— l^^O^ + 2HC1 = MgClg + HgO. 

Properties, — ^When once in solution, cannot be re- 
covered by simple evaporation, as the following 
decomposition occurs : 

e. MgClg + HgO = MgO + 2HC1 

To overcome this difficulty the solution is mixed 
with NH4CI ; it can then be evaporated, leaving 
a double salt, 2NH4Cl.MgGl2; on heating this 
the ammonium salt is volatilised. 



58 SYNOPSIS OP CHEMISTRY. 



Carbonate, MgCOg. — ^White insoluble powder. 



Preparation, — 



4MgS04-f 4]Sra2C08 + H20= V3MgC03.Mg2HO + 

4Na2S04 + C02 



Sulphate, MgSO^ (Epsom Salts). 

Occurs native in certain springs. 
Preparation, — 
MgCOgCaCOg + 2H2SO4 = CaSO^ + MgS04 + ^COg + 

Dolomite. Insoluble. Soluble. 

2H2O 



Sulphide. 

Preparation,— e, (a.) MgS04 + 4C ^ MgS + 4C0 

e. (&.) 2MgO + C + CS2 = 2MgS + 2CO 



Zinc— Zn = 65-2. 

Occurrence, — As blende, ZnS, and calamine, ZnCOg 

Metallurgy, — The ore is roasted, and thus converted 
into oxide. This is then distilled with carbon : 

ft ZnO + C = CO + Zn 

Properties, — ^Bluish white metal, crystalline and brittle ; 
if heated, it becomes malleable. Bums in air with 
a green flame to oxide. Alloyed with Ni = Ger- 
man silver. 
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Oxide, ZnO. — White powder, powerful base. 
Preparation. — By ignition of carbonate. 

Chloride, ZnCl^. — ^White, amorphous, deliquescent 
solid. 

Preparation.— Zn + 2HC1 = ZnCl^ + Hg 

ZnO + 2HC1 = ZnClg + HgO 
ZnCOg + 2HC1 = ZnClj + HgO + CO2 



Sulphate, ZnSO^ (White Vitriol). — ^White crystalline 
solid. 

Preparation.— Zn + HgSO^ = ZnSO^ + Hg 

Carbonate. — White amorphous powder. 

Preparation. — Occurs native, or made by precipitation. 
SZnSO^ + 2H2O + SNagCOj = v'ZnC032(Zn2HO). 

+ 2CO2 + SNagSO^ 



Cadmium.— Cd = 112. 

Occurrence. — ^With zinc ores. It is much more volatile 
than zinc, and distils over first. In appearance 
and general properties it has a strong resemblance 
to zinc. The sulphide and iodide are the most 
important salts — the former being made by preci- 
pitation, the latter by direct union. 
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Aluminium. — Sub- Group. 
Al, Fe, Mn, €r. 

General Oharactera.— With the exception of alumin- 
ium, they fonn four oxides, two of which are basic, one 
neutral, and one acid. Their chief oxides are sesqui- 
oxidefl. They all form double sulphates with the 
alkaline metals, which crystallise with 24H2O, and are 
called alums. 

TABLE XXVI. 



Oui, FeO MnO OrO — 

lo. Fe^O, MnjOs CrjO, AIJO, 

Oui-Io. Fe.O* Mn.O^ Or.O^ — 

Add. FeO, MnO^ OrO, . — 

Alumi. K,Fe34SO« K,Mn34SO«,K3Gra4SO« K,Al34SO« 



Aluminiuni.— Al = 27-5. 

Occurrence, — Clay, felspar, marl, granite (siliccUes). 

Preparation. — Clay, &c. is fused with NaHO when 
sodic aluminate is formed, Ka2Al204. This is 
dissolved in water and decomposed by COg, when 
n/A126HO (hydrate) is produced. This is dried, 
mixed with coal and salt, and heated in a current 
of chlorine, when AlgCla is produced. The fol- 
lowing equation shows the remainder of the 
process : 

0. AlgCle + 6Na = 6NaCl + Alg 
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Properties, — Brilliant white metal, not readily tar- 
nished ; very light ; soluble in most acids, and in 
alkaline hydrates; alloyed with 90^0 Cu== Alumi- 
nium gold. 

Oxide, AlgOg. — Found native in an impure condition 
as corundum and emery. White amorphous 
powder. 

Preparation, — 

(a.) f Al23S04(NH4)2S04 + 6NH4HO= VApHO + 

4(NHJ2S0, 
AlgeHO-AljOg + SHaO 

{h,) e, Al23S04(NH4)2S04 = Al203 + (NHj2S04 + 3803 

The ammonic sulphate and sulphuric anhydride 
volatilise. 

The hydrate has the power of uniting with certain 
colouring matters to form a " lake," hence the use of 
alum as a mordant in dyeing. 

Chloride, AlgCl^. — ^White, amorphous, deliquescent 
solid, which, when in solution, cannot be recovered 
by evaporation, decomposition occurring in a simi- 
lar manner to the magnesium chloride. It is 
volatile. 

Preparation,— e, AlgOg + Cg -H CI« = AlgCl^ -H 3C0 

Action of aqueous NagCOg on solution by AlgCle : 

AlgCl^ -H 3Na2C03 + 3H2O = jH^mO -f 6NaCl -H 

3CO2 

Sulphate, AI23SO4. — ^White amorphous mass. 
Preparation. — By heating clay with H2SO4 



62 SYNOPSIS OP 0HBMI8TRY. 



Alums. 

Common alum, AlgSSO^KaSO^ or Al23S04(NHj2 
SO4, is usually prepared from alum shale, which con- 
sists of clay, coaly matter (bitumen), and iron pyrites. 
This substance is exposed in heaps to the action of the 
air, when the sulphur of the pyrites is oxidized to 
sulphuric acid, which combines with the iron to form 
FeSO^, and decomposes the clay^ setting free silica and 
forming AI23SO4. The soluble constituents are washed 
out and the liquor evaporated with KCl, or gas liquor, 
when either potassium or ammonium alum orystfidlise 
out. 

The other alums are prepared by dissolving the 
sesquioxide of their respective metals in dilute sulphuric 
acid, and crystallising with a sulphate of an alkaline 
metal 

Actions of aqueous NagCOg on solution of alum : 



AI23SO4.K2SO4 + 3H2O + Sl^Si^CO = v^AljGHO + 

K2SO4 + 3Na2S04 + SCOj 

If a smaller quantity of carbonate be used the pre- 
cipitate at first formed redissolves, and there is then in 
solution basic sulphate of alumina : 

AI23SO4.K2SO4 + 2Na2C03 = AI2O2SO4 + 2^2804 + 

K2SO4 + 2CO2 

If the solution be now boiled : 

6. 3AI2O2SO4 + K2SO4 + arHjO = j2Alfi^ + 

AI23SO4.K2SO4 + xRfi 
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Iron, Fe = 56. 

Occurrence, — ^Rarely native — chiefly as oxide. FcgOg 
i^red Jicematite), FcoOgHnO (brotm ?icemaiiie), Foj 
O4 {mctgnetic oxide), FeCOg, with clay {day ironr 
stone), FeSg, iron pyrites. The latter is not worked 
for metaL 

Preparaiion. — Ore first roasted, by which operation it 
is converted into oxide, and then smelted with 
coal and limestone in a blast furnace. 



TABLE XXVIL 
Chemical Changes in the Blast Furnace, 







From hdow upwa/rdi. 




1. 

2. 
3. 


Air +0 
CO, +0 
300 + FejO, 


= 00, 
= 200 
= 3CO3 + Fe, 






If ore were pure, process might be stopped here, but 
being mixed with the clay, and pure iron being infusible, 
the following reactions are necessary : — 


4. Fe +0 = 

5. Clay + CaO = 


cast iron {funble), 
fusible slag. 





Purification op Cast Iron. — ^Puddling. 

The crude iron is melted in a furnace with oxide of 
iron, sand, and lime. The carbon and silicon are removed 
as oxides, and the phosphorous and sulphur washed 
out by the silicates. The purified metal is then rolled, 
and forms bar iron {wroiight iron). 
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Htkbl is prepared in two ways : 

Ist. By heating wrought iron with charcoal for a 
lengthened period. 

2d. By the Bessemer Process. 

This process is conducted as follows : — ^The iron is 
molted and air forced through, by which the carbon is 
oxidized and removed as CO ; enough cast iron is then 
added to supply the necessary quantity of carbon to 
convert the whole into steel. The carbon in steel is 
chiofiy in the combined state, whereas in cast iron it is 
largely in the free condition (graphitoidal). 

Properties.'-^Tuie metal is white and lustrous. In 
commerce three varieties are met with, viz., 
wrought, cast, and steel. B!ammered iron has a 
crystalliuei and rolled iron a fibrous structure. 
It is the most magnetic of the metals, and is 
unchanged in dry air or pure water, provided that 
the latter contains no free oxygen or carbonic 
acid. 

Oxides of Iron. 

Ferrous Oxide, FeO. — Almost unknown in pure 
state. It is a powerful base, and its salts are 
usually of a pale green colour. 

rreparation.—FQS04^ + 2KH0 = >/Fe2H0 + KgSO^ 

Ferric Oxide, FegOg. — Foimd native. Red powder. 

Prep.— j Ye^3S0^ + 6KH0 = VS^HO + SKgSO^ 
6. \ FcaGHO = Ye^O^ + SHgO 



> Ferrous Ferric Oxide. — Black powder. 

Pr€paratton.'-(a.) 0. 3Fe + 4H2O = FcgO. + 4H2 

(6.) ft 3Fe + 2O2 = FcgO^ 
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Febbio Anhtdbidb, FeOg, forming ferric acid, K^eO^ 

Both unknown in the free condition. Ferrate of 
potassium prepared as follows : — 

FegOj + lOKHO + SClg = 6KC1 + SKfi + 2K2Fe04 

Very unstable, and decomposed in presence of water. 

2K2Fe04 + 4H2O = 2KH0 + JFq^^RO + 2O2 



Chlorides. 
Febbqus, FeCls 
Preparation.— Fe + 2HC1 = FeCLj + Hg 

Ferric, FegCle 

Preparation, — (a.) FeCl2 + 2CI2 = FegCla (in aqueous 
solution). 

(&.) 6Fec4 + 6HC1 + 2HNO3 = S^ejCle + 2N0 

+ 4H2O 

Sulphates. 

Ferrous, FeSO^ (Green Vitriol). 
Preparation.— Fe + HgSO^ = FeSO^ + Hg 

A solution of ferrous sulphate, if exposed to air, 
turns brown, owing to formation of basic ferric sulphate, 
Fe202S04 

2FeS04 + = Fe202S04 

The constitution of this salt is shown by the con- 
stitutional formuht : 

(SO, ' ( so, 

FeJ SO, FeJ 

(so, (so. 

Ferric sulphate. Basic ferric sulphate. 

E 
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Fbrrio, Fe23S04 

iVeparofuw.— 6FeS04 + SHjSO. + 2HNO5 
(FegSSO^) + 2N0 + iBjb 



Carbonatb. — rOnly one known, FeCO^ 
Preparation. — 

If a soluble carbonate be added to an aqueous solution 
of a f errio salt, the following change takes place : 

FejCla + SNagCOj + SHjO = Vf^6H0 + 6Naa + 

3C0o 



SuLPHiDB, FeS. — Made by direct union. 
Ferro and Ferrid Cyanides of Iron. — {See Cyanogen.) 

i 

Manganese.— Mn = 55. 

Occurrence, — MiigOg (hraunite), MiuOgHgO (manffanite\ 
MugO^ (Jiausmannite), MnOg (pyrolusite). 

Preparation, — By strong ignition of MnOj in crucible 
of lime. 

Properties, — Greyish white metal, which slowly de- 
composes water. 

Oxides. 

Manganous, MnO 

Preparation. —Ignition of MnCOg in hydrogen gas. 
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Manoanio, MngOg. — ^Found native. 
Preparaiion, — By heating MnO. 

Peboxidb, MnOj. — ^Found native. 

Manganous Manganio, MnjO^ 
Preparaiion.— d. SMnO^ ^ Mnfi^ + 0, 

Chlobidbs. 

Manganoub Chlobidb, MnCls 

Preparation. — Bye product in the manufacture of 
chlorine from MnOg and HCl 

Manganic Chlobidb, Mn^Cle. — Unstable, and decom- 
posed by heat. 

Preparation. — ^By dissolving MngOg in cold HCl 

Another chloride having the formula MnClj is 
supposed to exist 

Sulphate, MnSO^ 

Preparaiion. — MnOg + C = MnO + CO 

MnO + H2SO4 = MnSO^ + H2O 
Used in dyeing. 

Manganic Anhydride, MnOg. — Not known in the free 
state, but combined to form manganates {all 
coloured green). 

Preparation of manganate of potassium (KjMnO^) : 
e. MnOg + KjCOs = KjjMnO^ + CO 



68 8TK0FSIS OF OHEMISTRT. 

PreparoHon of pennanganate of potassium, KMn04 : 

ft SKMnO^ + 2H2O = 2KMn04 + 4KH0 + ^/l^2 
Salts are purple coloured. 

If KMnO^ be distilled with strong sulphuric acid, a 
greenish black liquid distils over, which is permanganic 
acid. 

ft 2KMn04 + H2SO4 = K2SO4 + HjjO + Mnfij 



Chromiuin. — Or - 52*5. 

Occurrence, — Chrome iron ore, FeO.CrgOg, and rarely 
as PbCrO^ 

Preparation, — By strong ignition of CrgOg with carbon 
in a crucible of lime. 



Oxides. 

Chbomoub, CrO. — Unstable brown powder. 
Preparation.— 2KR0 + CrCla = VCrOjHgO, + 2KCL 

Chromio, CrgOg. — Green powder. 
Preparation, — 

ft 2(K2Cr04Cr03) = 2X3^0^ + O3 + CrjOg 

Chromous Chromic, Cr304 

Preparation, — ^By exposing hydrated CrO to air. 

Chromic Anhtdridb, CrOg. — Red deliquescent crystals. 
Preparation, — In aqueous solution — 
KaCrO^CrOg + HgSO^ = KgSO^ + HgO + 2Cr03 
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Reactions. — 

(SoM) 2Cr03 + 12HC1 = Cr2Cle + SCLj + eHgO 

(Aqueous) 2Cr03 + SSOg = Cr^SSO^ 



Preparation of Chromatbs of Potassium. 

I 

KoRMAL Chromate. — Chrome iron ore is roasted in air 
with carbonate of potasL 

BiOHROMATE OR Anhtdro Chromatb, KgCrO^CrOg 
2K2Crd4 + HjjSO^ = KgSO^ + KgCrO^CrOg + HgO 

Chlorides. 

ChromouSy CrCl«^— "White substance, unstable, and 
soluble in H^O to a blue liquid. Prepared as 
above. 

Sulphate, CrgSSO^ 

Preparation, — ^By solution of hydrated chromic oxide 
in dilute sulphuric acid. 

Nickel Sub-Group.— Ni, Co, and TJr. 

General characters, — ^They have two oxides, both 
basic, but the highest one is very feeble. The prin- 
cipal salts are those of the otis oxide. The salts are all 
coloured. 

Cobalt.— Co =69. 

OccurrcTice. — ^As arsenide, COAsg {tin white cobalt); 
also as arsenide and sulphide, CoAsjCoSg (cobalt 
glance). 
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Preparation.— 0. CoC^O^ = Co + 200, 

OsxUatt, 

Properties. — Beddisli hard metaL 



Oxides. 

CoBALTous, CoO. — Black powder. 

Preparation. — By action of heat on carbonate. !Forms 
salts which are red in the hydrated condition and 
green in the anhydrous state. 

CoBALTio, CojOg, very unstable. 



Preparation.— 2000 + ^^0 + 0^= ^Cofi^+2RCl 

COBALTOUS COBALTIO, CO3O4 

Preparation. — (a.) By action of heat on CoO in air. 
(b.) 0. Co2N08 = C03O4 + 3Nfi^ + O2 

Nickel.— Ni= 68-8. 

Cheurrence, — ^As kupfemickel, NiAsg 

Preparation. — Similar to cobalt. 

Properties. — ^Hard white lustrous metaL Soluble in 
HCl and HjS04 slowly, but with ease in HNO3 > 
nickelous salts being formed in each case. 

OXIDBS. 

Nickelous, NiO. — Grey powder. 

Preparation, — ^Action of heat in the nitrate. Forms 
salts, which are green in the hydrated and yellow 
in the anhydrous condition. 
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KiCKBLIO, NigOg 

Preparation, — By passing chlorine thpough cold 
Yiickeloos hydrate. It is very unstable. It is 
dissolved in HCl with evolution of chlorine, 
forming nickelous chloride. 



Chlorides. 

Nickelous, NiClj 

Powder prepared by action of CI on the metal or by 
dissolving oxide in HCL 

Sulphate. 

NiSO^. — Most important salt. 

Preparation, — ^By dissolving the oxide in HgSO^ 



Copper Group. 

Cu, Hg, Ag, Pb. 
Silver. — ^Ag = 108, a Monad. 

Occurrence, — Native in small quantities, chiefly as 
sulphide mixed with galena or sulphide of lead ; 
also as chloride. 

Preparation, — The ore is crushed and roasted with 
common salt, by which the metal is converted 
into chloride. The mass is now agitated with 
water and scrap iron, when the silver is separated 
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in the metallic conditioiL Mercniy is next added, 
which foims an amalgam with the silver. On 
distillation the mercuij is volatilised and the 
silver left. 



Separation of Ag from Galena. 
(Pattinson's Process.) 

The lead containing the silver is melted and slowly 
cooled, when the lead crystallises first, and is removed. 
This process is repeated several times, until an alloy 
rich in silver is obtained, which is then submitted to 
(vupellation as follows : — The alloy is melted in a shallow 
tray, lined with bone ash, and subjected to a blast of 
air, which oxidizes the lead to PbO, which is absorbed 
by the porous bone ash, leaving the silver almost in a 
pure condition. 

Properties. — ^White lustrous metal 



Oxides. 

Only one basic oxide, AggO. — ^A brown powder. 

Preparation. — 

2 AgNOj + 2KH0 = ^T^ + 2KN08 + HjjO 

Reactions. — Decomposed by heat into metal and oxygen ; 
hence silver is a noble metaL 

Chlorides. 

There are two, AgCl and AgjCl, or subchloride. 

AgCL — ^White powder, insoluble in HgO, but soluble in 
ammonia. 
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PreparflrfMW.— AgNOg + HCl = ^AgCl + KNTOg 

It is tinned violet by the action of light, being con- 
verted into sabchloride, Ag^Cl 



NiTRATB. 

AgNOo. — Colourless tabular crystals ; or if fused, in 
white sticks, easily soluble in water. 

Preparation. — 

.3Ag2 + SHNO, = CAgNOj + NjOg + mfi 

AUoys, — Silver coinage contains 7*5 per cent, of Cu 



Lead.— Pb = 207, a Dyad 

Occurrence, — As sulphide PbS. (galena), as sulphate 
PbSO^ (anglesite), and carbonate PbCOg 

Pr^aration, — Ore is roasted in air, when a portion 
becomes oxidized to PbSO^ and a part reduced to 
oxide. The following reactions then occur : — 

e. 2PbO + PbS = Pbg + S0« 
e. PbSO^ + PbS = Pbg + 2SO2 

Properties. — ^Bluish white metal, very soft, and when 
melted in contact with air converted to oxide — 
PbO 



{ 



OXIDBS. 

LiTHABGB, PbO. — ^Yellow powder or in brown scales. 
SojLuble in KHO. Forms salts. 

Preparation, — By heating lead in air. 
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Minium (Red Lead), 2PbO.PbOa.— Eed powder. 

Preparaiion. — By heating litharge in air. 

Jteactiona, — At a high tempeiature it is decomposed 
with PbO and 0. 

Action of HNO3 ^^ ^^ Lead. 
2PbO.Pb03 + 2HN08 « 2(Pb2N03)+ ^FhO^ + Kfi 

TvoB, PbOg {Peroxide of Lead). — A brown powder. 

Preparation, — As above. 

Reactions, — Not soluble in dilate acids. Decomposed 
by HCl 

PbOa + 4HC1 = PbCla + SHgO + Cl^ 

Soluble in potassic or sodic hydrates. 

PbOj + 2KH0 = KaPbOg + H2O 

Chloridb. 

PbClg. — ^White powder. Insoluble in cold water, but 
soluble in boiling water, from which it separates 
out on cooling. 

Preparation. — ^By precipitation. 

Sulphide. 

PbS. — Found native, also by precipitation. Black, 
lustrous, laminated mass as galena ; black powder, 
if made by precipitation. 

Reactions. — (a.) Nitric acid converts it to sulphate. 

(5.) PbS + 2HC1 = PbCLj + H2S 
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Iodide. 

Pblg. — ^Yellow powder or ciystals. 

Preparation.— Pb2N0g + 2KI = /v/Pbl^ + 2KNO3 

In aqueouB eolation. 

Carbonate. 

PbCOy — White lead. Wliite insoluble powder. 

Preparation, — (a.) By exposing lead to the vapour of 
acetic acid and GOg, the latter derived from spent 
tan. Usually contains hydrate when made in 
this way (2PbC03.Pb2HO). 

(b.) 3PbO + 2HC2H8O2 = Pb2C2H802.2Pb2HO 

Basic aoetate. 

Pb2C2H302.2Pb2HO + 2CO2 = V2PbC08 + 

Pb2C2H302 + H2O 

Acetate. 

(Sugar of Lead.) Pb2C2H302. — ^White crystals, soluble 

in water. 
Prepared as above. 

Chromate. 

PbCrO^ (Chrome Yellow). 

Preparation. — ^Pb2N03 + KjCrO^ = VPbCrOT + 

2KNO3 

Alloys. — 

Lead and Tin, = Solder and Pewter. 

„ Arsenic, = Shot metal. 

„ Tin and Antimony, = Type metal. 
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Mercury.— Hg = 200, Dyad 

Occurrence, — Native, and as sulphide (cumabar). 

Preparation.— 0. 4HgS + 4CaO = CaSO^ + 3CaS + 4Bg 

Properties, — Lustrous, heavy, volatile liquid, unitiiig 
with other metals to form amalgams. Combines 
at ordinary temperature with CI, Br, L 

Oxides. 

Mejiourous, HgjO. — Black unstable powder. 
Prep.— llgfil^ + 2KH0 - 2KC1 + H^O + VBfeO 

MsROURio, IlgO. — (a.) Bed (cryataUine) ; (b.) YeUow 
(amorp?iotie). 

Preparation.— (a.) 0. Hg2N02 = HgO + N204+0 
(6.) HgCl2 + 2KHO= .,^^ + H20 + 2KCl 

Chlorides. 

Meroubous, Hg^Clj ( Calomel). — Heavy , white, insoluble 
powder. 

Preparation.— 0. HgaSO^ + NaCl = HggCla + NagSO^ 

Merourio, HgCl2 {GorroaiveSuhlimate). — ^White soluble 
crystals. 

Preparation.— 0. HgSO^ + 2]SraCl = HgCl + NagSO^ 

Iodide. 

MBRCUROUSjHggl^ — Green powder, unstable. Prepared 
by direct imion. 
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Meroubio, Hgiji — ^Eed powder. 

{In aqueaua solution) 2KI + HgCLj = J^^ + 2KC1 

Sulphates. 

Mebcurous, HggSO^. — Prepared by subliming mer- 
curic sulpbate and mercury together. 

Mebourio, HgSO^. — Grey powder. 

Preparation.— e. Hg + 2H2SO4 = HgSO^ + SOg + 2H2O 

l^ITRATES. 

Mebcurous, HgNOg. — ^White crystals, decomposed by 
excess of water. 

Preparation. — By dissolving mercury in cold dilute 
nitric acid. 

Mebcurio, Hg2N03. — ^White crystals. 

Preparation. — By dissolving mercury in concentrated 



hot nitric acid. 



Sulphides. 



Mebgubio, HgS. — Allotropic. Black if made by 
precipitation, red if sublimed. 

Ammonio Chlorides. 
White Prbcipitatb. 



Preparation.— RgCL + 2NH.H0 + V^HjHgCl + 

NH4GI + 2H2O 
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Blaok Prbcipitatb. 



HgaCla + 2NH4HO = VNHgHgaCl + NH^Cl + 2^fi 

The following f ormulsB will show their relation : — 

Ammonio White Black 

ohloride. predpitftte. precipitate. 



(cr 





Copper.— Cu = 63-5, Dyad. 



Occurrence. — Native ; also as carbonate and sulphide. 

Preparation. — Ore roasted in current of air. The 
sulphide of iron is converted to oxide, the sul- 
phide of copper remaining unchanged. It is now 
heated with sand, which removes the iron as 
silicate. The residue is strongly heated in a 
current of air, and the molten mass stirred with a 
pole of green wood, when the sulphide of copper 
is reduced to oxide, which is further reduced to 
metal by means of the undecomposed sulphide 
and by the carbon of the wood. 

Properties. — Malleable ductile metal with a charac- 
teristic colour; unaltered in dry air at ordinary 
temperature, but if heated is converted into CuO. 
Dilute HgSO^ or HCl have no action on it. 

Oxides. 

Cuprous, CugO. — Red powder. 

Preparation. — 6. CuO + Cu = CugO 

It dissolves in oxygen acids to form cupric salts. 
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CuPRio OxiDH, CuO. — Black powder. 

Preparatim.—e. Cu2N08 = CuO + N2O4 + 
^In the hydrated condition it is blue. 

CU2NO3 + 2KH0 = VCu2H0 +2KNO3 



Chlorides. 

CuPBOUS, CU2CI2. — White insoluble powder. 

Preparcd;i(m.^e. Cu + CuO + 2HC1 = Cu^CLj + HjO 

It is soluble in NH^Cl to a colourless liquid, but 
it rapidly absorbs oxygen and turns blue, be- 
coming converted to CUCJ2 

CuPBio, CuClg. — Green crystals. 
Preparati(m,—C\xO + 2HC1 = CuClg + H2O 



Sulphate, 

CuSO^. — {BliLe stone — Blue vitriol,) 

Preparation.— 0. Cu + 2H2SO4 = CuSO^ + SOg + 2H2O 

Ammonio Sulphate. 

Cu (NH4)2 (NH2)2 SO4.— Blue crystals. 

Preparation,. — ^By adding ammonia to aqueous sulphate 
of copper until precipitate at first formed is nearly 
redissolved, and precipitating the salt by alcohol. 
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The following formula will show its constraction : 

Cu 

H, 

Ammonio lulphate. Ammonio oaprio sulphate. 

Alloys of Coppbr, — 
Brass, Cu and Zn. 

Bell Metal and Gun Metal, Cu and Sn. 
Bronze, Cu, Sn, Zn, and Pb. 

Copper Coinage, 96 per cent, of Cu. 

4 „ Sn. 

1 „ Zn. 



Platinum Group. 

Au, Pt, and Pd. 

Oeneral Characters, — ^They do not unite directly 
with oxygen. Their oxides are decomposed by heat 
alone. They are soluble only in aqua regia, and are 
usually found native. 

Gold.— Au= 197, Triad. 

Occurrmce, — Free in quartz. 

Preparation. — ^By washing away the quartz and 
amalgamating with mercury. On distilling the 
mercury the gold is left. 

Properties. — ^Yellow soft metal. Most malleable and 
ductile of all the metals. 
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Reactifjns. — ^Its' salts are precipitated from aqueous 
solutions by ferrous sulphate, oxalic acid, and 
trichloride of antimony. 

{2 AuCls + GFeSO^ - 2(re23SO J + Ye^CU + n/A^^ 
2 AuClg + 3H2C2O4 = 6CO2 + 6HC1 + VaZ 

aSbClg +2AuCl8 =3SbCl5 + ^A^ 

Oxides. 
Two ; one basic, AugO, one acid, AugOj 

AuBOUS, AugO 

Preparation, — By adding KHO to aqueous aureus 
chloride. 

Chlorides. 

AuROUS, AuCL — Unimportant. 

Auric, AuCL. — ^Prepared by dissolving gold in nitro- 
hydrochloric acid. It forms double salts with 
the alkaline metals. 

Alloys. — Jeweller's gold contains in every 24 parts 
18, 15, 12, or 9 parts of gold, called carats, 
the remaining portion consisting of copper. Gold 
coinage contains one part of copper in eleven parts 
of gold. 

Platinuin.— Pt = 197, Tetrad. 

Occurrence. — Found native with Palladium, Iridium, 
and other rare metals. 

Preparation. — The ore is dissolved in aqua regia, and 
the platinum separated from the other metals by 
precipitation. 

p 
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OxiDBS*— Two, PtO and PtOj 

The chief salt is the chloride, which is made by 
dissolving the metal in aqua regia. Like gold chloride, 
it forms double salts with the alkaline metals. 



Antimony Group. 

As, Sb, Bi, and Sn. 

General Characters. — They all partake of the nature 
both of metals and non-metals; hence the group is 
sometimes termed bastard metals. Arsenic and anti- 
mony unite with hydrogen to form compounds analogous 
to ammonia (NH3). On heating in air they are all 
converted into oxides; bismuth with difficulty, the 
others with ease. They are all spontaneously inflam- 
mable in chlorine, forming volatile chlorides, all of 
which, with the exception of tin, are decomposed by 
water, with the formation of oxychlorides. 



Arsenic. — As = 75, Triad. 

Occurrence. — Combined with sulphur and various 
metals. 

Preparation. — Ore roasted and converted to AsgOj 

e. AS2O3 + 30 = As2 + 300 

Properties. — Steel grey crystalline mass ; burning with 
white flame to AS2O3 

Oxides. 

Arsenious,^As203 (White Arsenic). — ^White translucent 
masses, resembling broken china, or in octahedral 
crystals. 



ICSTALLIO BLE1CEKT8. 83 

Preparation, — ^By roasting arsenical ores in air. 

Properties, — Unites with bases to form arsenites, which 
are unstable, and not well defined. It unites 
with water to form a hypothetical arsenious acid, 
HgAjsOg. It correspondjs to phosphorous acid in 
many respects. 

Arsenio, AS2O5. — ^White amorphous mass. 

Preparation, — 

(a.) e. ( AsaOg + 2HN08 + ^HgO = 2HgAs04 + ^2^3 
6. \ 2H3As04 = AS2O5 + 3H2O 

(&.) As203 + 5H20 + 2Cl2 = 2H3As04 + 4HCl 

Beactions, — ^Decomposed by strong heat. 

0. AS2O5 = A82O3 + O2 

The hydrated acid corresponds to phosphoric acid. 



Chloride. 

AsClj. — Colourless volatile liquid. 
Preparation, — (a.) 0, As + Clg^AsClg 

{h,)e. A8 + 6HgCl2 = 3Hg2a2 + 2A8Cl3 
Reactions, — Decomposed by water : 

2ASCI3 + 3H2O = AS2O8 + 6HC1 

Hydride. 
AsHg {Arsenuretted Hydrogen), — A gas. 
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Preparation, — By adding any compound of aisenic to 
an apparatus evolving hydrogen. 

HjAsOg + 3H2 = AsHg + 3H2O 

Properties, — Colourless poisonous gas, burning in air 
to AsgOg and HgO : 

2 AsHg + 3O2 = AsgOg + 3H2O 

With limited supply of air : 

iAsHg + 3O2 = AS4 + 6H2O 

The above reaction takes place when a cold 
surface is depressed into the iiame, and the deposit 
so formed is soluble in aqueous solution of bleach- 
ing powder. 

If passed into aqueous solutions of the following 
substances, the several reactions take place. 

GAgNOg + 3H2O + AsHg = VSAgg + 6HN0g + HgAsOg 
eCuSO^ + 4AsHg = V2(CugAs2) + GB^SO^ 

If passed over heated ngCl2 : 

0, 6HgCl2 + SAsHg = 3Hg2Cl2 + 6HC1 + Asj 

It is dissociated by heat. 

The production of this gas and its subsequent de- 
compositions, as shown above, are used in testing 
under the name of Marsh's process. 



Sulphides. 

Eealgar, AsgSg. — ^Red solid, found native. 

Preparation, — By fusing As and S together. 

Reaction, — Soluble in alkaline hydrates. If heated 
in air: 

e, AsgSg = AS2O5 + Sj 
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Orpimbnt^ A82S3. — Yellow powder, found native. 

Preparation.— AbP^ + SHjS = VAsgSj + 3HjO 

(aqueous). 

N.B, — If H,S be added to aqneons A^aOg, the oxide is 
first reduced and then a precipitate 0^ Ab,S, falla 
down. 

As,0, + 2H,S = n/S, + As,0, + 2H,0 
Reactions, — Soluble in alkaline hydrates like AsjSg : 
AsjjSs + 4KH0 = KgHAsOg + KgHAsSj 

Arsenite of Snlpharsenite of 
potassium. potassium. 

Hence it is argued that the sulphides of arsenic are 
sulphur acids. 



Antimony.— Sb= 122, Triad. 

Oceurrmoe. — Native, but chiefly as sulphide. 
Preparation.— 0. S\S^ + 3Fe = 3FeS + Sb^ 
Properties. — Greyish brittle metal with brilliant lustre. 

OXIDBS. 

ANTDCONons, SbgOj. — ^White powder, found native. 

Preparation.— 0, 2Sb + 30 = SbgOg 
If heated in air it forms Sb^O^ 

Antimonic, SbgOj. — Yellow powder. 
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Preparation, — 

ft 2Sb + 4HNO3 = SbaOg + N2O3 + N2O2 + 2H2O 

This acid unites with water to form two distinct 
acids: 

HSbOg, Antimonic acid. 
H^ShgOj, Metantimonic acid. 

(See also page 53 — Action of Na^COj on Chlorides of 

Antimony,) 

TABLE XXVTIL 



Chm^pcuruon of Photphorie and Antimomc Adds, 

Orthopbosphoric Add, H^POa Orthoantimonio Acid? H,Sb04, 

not known. 
Orthoantimoniate of Antimony, 
SbjSbO^, known. 
MetaphoBphoric Acid, HPO, Antimonic Acid, HSbO, 
Fyrophosphoric Acid, 'B.^^0^ Metantimonic Acid, H4Sb,0 j 



Chlorides. 

Antimonous, SbClg {Butter of Antimony), — White 
buttery mass. 

Preparation,— e. {a.)S\S^ + 6HC1 = 2SbCl3 + 3H2S 

Properties. — Soft buttery mass, or in deliquescent 
crystals, soluble in HCL Powerful corrosive. 

The commercial preparation is usually coloured 
yellow, from presence of iron. It is decomposed by 
water: 

SbCls + HjjO = VSbOCi + 2HC1 
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SbOCl is a white powder, which gradually becomes 
crystalline, and of a brownish yellow colour 
{powder of cdgaroth), 

Antdionio, SbClf. — Colourless liquid. 

Preparation, — By passing excess of chlorine over 
metallic antimony gently heated. 

Jleactiom.—2^\}C\^ + THgO = V^H^SbgOy + lOHCl 



Htdbids. 

SbHj. — A gas. 

Preparation, — By adding any compound of antimony 
to an apparatus eyolying hydrogen. 

, Properties. — Colourless poisonous gas, burning in air 
with a greenish flame to Sb^Og and water. 

.ft 2SbH3 + 3O3 = SbjOg + SHgO 

If the supply of air is small, then 

4SbH3 + 3O2 = Sb^ + 6H2O 

Hence a cold surface depressed in the flame produces a 
purple-coloured stain, wluch is insoluble in solution of 
bleaching powder, but soluble in ammonic sulphide. 

If passed into aqueous nitrate of silver : 

* SbHj + SAgNOg = VSbA& + SHNOg 

It dissociates if passed through a red-hot tube. 

The production of this gas and its subsequent 
decompositions, as shown above, are used in testing 
under the name of Marsh! a process, 

* Compare this with the oorresponding reactioii with AsH, 
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Sulphides. 

Antdconohs, SbgSg. — (Native), Steel grey mass ; (artp- 
ficial)y orange red powder. 



Preparation.— ^^hG\ + 3H2S = VSbjjSg + 6HC1 

Properties, — Orange powder soluble in alkaline sul- 
phides; if heated in air, is converted to golden 
stdphide, SbgOSj 

e. SbgSg + 3O2 = SbaOS^ + SOg 
Antdconio, SbgSj. — Deep orange powder. 



Preparation.— 2&hC\fi + SHaS == VSbgSj + lOHCl 



Tartar Embtio. 

KSbOC^H^Og. — ^White octahedral crystals. 
Preparation. — 

e. Sb203 + 2KHC4H40e = 2KSbOC4H,Oe + H,0 

Acid tartrate ctf potash 
in aqueous solution. 

The following wUl show the constitution of the salt : 

KKC4H^0e — Kormal tartrate of potassium. 
IL^C^fi^ = Acid „ • „ 

KSbOC^H^Oe = Tartar emetic. 

It is the only compound of antimony which is freely 
soluble in water. 
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TABLE XXIX. 



ReoMomfoT da$ting Artenic and Antimony amonffit the 

N<m-Met€Us, 

NH, PH, AbH, SbH, Hydridei. 

Na, PCI, AsCl, SbCl, )^, ., 

- pa, - SbCl! fChlondee. 

N,0, P,0, A«,0, Sb.O, 

N,0, P,0, As.O, Sb.O, 



Oxides. 



H.PO, H.AbO, H,SbO, 

— H.PO. H.AbO^ — f . . . 

— H^P.O, H^A«,0. H^Sb.Oy ^ -^*'**"- 
HNO, HPO, HAbO, HSbO, 



Bismuth.— Bi = 210, Triad. 

Occurrence, — Native in quartz. 

Preparation, — Smelted out from the quartz. 

Propertiee, — Silvery white metal with yellow lustre; 
volatile and combustible in air to BijOg 

Oxides. 
Three, BiO, Bi^Oj, Bi^O, 
Monoxide, BiO, is an unstable body and non-basic. 

BiSMUTHOUS, BigOj. — Pale yeUow powder. 

Preparation, —Ignition of BiONOg (haeic nitrate). 
This is really the only basic oxide. 

BiSMUTHio, BigOf. — Keddish powder, acts usually as 
an acid oxide. 

Preparation, — By passing chlorine into BijOg suspended 
in KHO solution. 
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Chloride. 

BiCIg. — White powder ; volatile and deliquescent 

Preparation, — By direct union of Bi and CL 
Seadione.—BiCl^ + ILfi = ..^BiOCl + 2HCI . 

Oxychloride. 
KiTBATEi 

BiSNOj. — Colourless crystals. 

PreparatiofL — By dissolving the oxide BigOg in HNOg 

Eeactions, — ^Decomposed by water : 

4Bi3N08 + 4H2O « 4(BiON08) + SHNO, 
Alloys* — Fusible metal, consists of Bi, Pb, and Sn. 

Tin.— Sn « 118, Dyad and Tetrad. 

OceurrenM. — Chiefly as SnOg (tin-stone). 

Preparaiion, — ^The ore is roasted to free it from arsenic, 
and then reduced with coaL 

e. SnOa + 2C = Sn + 2C0 

Properties, — Silvery white crystalline metal; soluble 
in HCl and in alkaline hydrates. 

0. 2NaH0 + Sn = NagSnOg + 2Ha 

Sodio stannate. 

Oxides. 

Two, both basic. 
Stannous, SnO. — Black powder. 
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Preparation. — Ignition of hydrate 2SnO.H20 in a 
current of COg 

The hydrate is precipitated from SnCl^ by 
KHO 

Stannic, SnOy — Native (black); artificial (yeUotDish 
white powder). 

Preparation, — 

(a.) By passing steam over red-hot stannic chloride : 

ft SnCl^ + 2H2O = SnOa + 4HC1 

{h.) ft Sn + 4KNr03 = SnOg + 2^fi^ + 2H2O 

(c) ft Sn + Oj = SnOg 

Stannic oxide forms two hydrates with water : 

HgSnOo — Stannic acid = SnOo-HjO 

HjSn^Oii— Meta „ „ = SSnOa-HjO 

The latter goes by the name oi ptdty powder. 

Chlobides. 

Stannous, SnCl2. — Grey resinous mass (tin salt). 
Preparation. — (a.) Anhydrous: 

ft HgaClj + Sn = SnCl^ + Bg^ 
(6.) In solution : 

ft Sn + 2HC1 + SnClg + H^ 
Meactions. — ^Powerful reducing agent. 

{Action on aqueous HgCl2 
2HgCl2 + SnClj = SnCl^ + V^CT^ 
HggClj + SnCla = SnCl^ + ^Hga 

Stannic, SnCl4. — (Anhydrotis) Fuming colourless 
liquid; (hydrated) deliquescent colourless crystals, 
SnCl^SH^O 
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Preparation. — 

e. (a.) Sn + 2CI2 - SnCl^ 

(b.) Sn + 2HgCl2 = SnCl4 + Hg, 

Both methods give the anhydrous salt. 

(c.) In solution : 

(1.) SnClg + CI = SnCl^ 

(2.) SnClo + 2HC1 + 2HN08 = SnCL + N.Oj + 

4H,0 

Sulphides. 
STAimouSy SnS. — Brown powder. 



Preparation.— QnCl^ + H2S = ^SnS + 2HC1 

Stannic, SnSj. — Yellow powder. 
Preparation.— &nCl^ + 2H2S = ^SnS^ + 4HC1 
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CHEMICAL PHYSICS OF THE 
ATMOSPHEKE. 

The atmospliere is supposed to extend to a height of 
forty-five miles, the lower portion being condensed by 
the weight of that above it. As we ascend, the air 
becomes rarer, until at a height of five miles it will no 
longer support life. 

At the sea level the pressure exerted by- this ocean 
of air is equivalent to a little more than fifteen pounds 
on each square inch, or in metrical measure, 1*033 
kilograms on each square centimetre. The pressure so 
exerted is equal in all directions. 



The Barometer. 

The barometer is an instrument to measure the 
pressure of the atmosphere. It consists of a tube 
about 33 inches or 800 mm. long, and closed at one 
end. It is filled with mercury, and immersed at the 
open end into a cistern containing the same metaL 
Under normal conditions the mercury will then sink in 
the tube to 30 inches, or 760 mm. — ^this being the 
normal pressure. The space between the mercury and 
the closed end of the tube is a perfect vacuum, called 
after the discoverer, Torricelli. If the pressure of the 
air increases the mercury rises j if the pressure dimi- 
nishes the mercury falls. 
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The Aib a hixtube, not a compound. 

There are four reasons for coming to this conclusion, 
viz. : — 

Istly. The proportions in which nitrogen and oxy- 
gen exist in air (217^ of and 79"/^ of N) 
are not those of the combining weights; 
hence, if it were a compound the first law of 
combination would be violated. 

2dly. When nitrogen and oxygen are mixed in the 
proportions in which they exist in air no 
rise in temperature nor alteration of volume 
takes place. Both these phenomena usually 
accompany chemical action. 

3dly, The proportions of oxygen and nitrogen are 
not constant, slight variations occurring in 
the composition of air from various localities. 
If it were a compound, this would be 
another violation of the first law. 

4thly. U air be dissolved in recently boUed distilled 
water, and then expelled, the composition of 
the expelled air diflfers from ordinary air, 
inasmuch as it is richer in oxygen. K it 
were a compound it would be unaltered in 
composition. 

The Thermometeb. 

The thermometer is usually a tube closed at both 
ends, containing either alcohol or mercury, and used 
to measure the temperature. 

The alcoholic is used for low temperature ; the 
mercurial is used for high temperature. 
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There are three methods of graduation commonly 
adopted. The following diagram will show the relation 
between these various forms. 



C" 



WcUer boils, 



Water freezes. 



•100 



— 212 



■32 



-O O 

Centigrade. Fahrenheit. 



R' 



-80 



O 

Beaumor. 



To CONVERT Degrees of one Scale into those of 

ANOTHER. 

Centigrade to Fahrenheit. 

Multiply by 9, divide product by 5, and add 
32; or 

9' ^- + 32 = F. 



Example, — Convert 60* C. to Fahrenheit degrees. 

^AJLI = 140" F. 
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Fahrenheit to Centigrade. 

Subtract 32, multiply product by 5, And divide 
by 9 ; or 

F.— 32 X 6 ^ 
9 ^' 

Example, — Convert 212" F. to Centigrade degrees. 

212—35 = 180 

^^^ ^ ^ = 100" C. 

The Beaumur scale is little used, and calculations 
involving its use seldom find a place in examination 
papers. The following formulae will give the results 
if required. 

Fahrenheit to Eeaumur, F. — 32 x 4 _ -p 

9 ^ 

Eeaumur to Fahrenheit, ^ ^ ^ • 30 _« -p 

4 

Centigrade to Eeaumur, ^'- x 4 _ -p 

6 

Eeaumur to Centigrade, E. x 5 ^ 
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OEGANIC CHEMISTRY. 

There is no sharp line of demarcation hetween In- 
organic and Organic Chemistry. The latter is usually 
described as the chemistry of the carbon compounds. 
There are, however, carbon compounds which are 
strictly inorganic. In these the carbon is united to 
oxygen, whereas in the organic it is united either to 
carbon, nitrogen, or hydrogen. 



Inorganic Carbon Compounds. 
0=C=0 K-0-C-O-K 

Carbonio add. 11 


Oarbonate of potaali. 



Organic Carbon Compound, 

o=c-o-h' 



0=C-0-H 

Oxalic acid. 

All organic compounds are changed by heat, and if 
the heat be applied gradually, new compounds are 
formed, and the process is called destructive distillation, 

G 
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ORGANIC ANALYSIS. 

The substance is burnt in a current of oxygen, and 
the products passed through a tube containing CaCl2 
to absorb HjO, and through a bulb containing KHO to 
absorb COg; both tube and bulb being weighed at 
the commencement of the experiment The increase 
of weight at the conclusion of the process gives the 
amount of COj and HgO respectively, from which the 
weight of C and H are calculated. The oxygen is esti- 
mated by difference. From this analysis is calculated 
the per-centage composition. 

Nitrogen is estimated by combustion of organic mh- 
stance with soda lime, the nitrogen being evolved as 
ammonia. 

Sulphur and phosphorous are estimated by oxida- 
tion with nitric acid, being converted into sulphuric 
and phosphoric acids respectively. 



EMPIRICAL AND RATIONAL FORMULiE. 

Empirical is the per-centage composition divided by 
the respective atomic weights. 

The Rational shows how much will combine with, or 
displace, or play the part of some element of known 
atomic weight. 

Example : Alcohol, 

C = 52-174-H12 = 4-348-H2-174 = 2 
H= 13-043-^ 1 =13-043-^2-174 = 6 
= 34-783 -T-16 = 2174-4-2-174 = 1 
100000 



Hence CgH^O = Empirical Formida, 
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But there are salts formed from alcohol in which 
C2H5 acts as a base. 

Hence G2H5HO » Rational Formula. 



ISOMERISM, &c. 

When substances have the same peivcentage com- 
position and same empirical formula, but different 
physical properties, they are said to be iwrneric 

If thej have the same empirical formula, but differ 
in their reactions, they are metameric. 

If the empirical formula is the same, but they differ 
in molecular weight, they are polymeric. 



HOMOLOGOUS SERIES. 

When a series of compounds exist, which differ from 
each other by CH^, they are said to be an homologous 
series. The members of such a series have similar 
transformations when acted on by the same reagents. 



Classification of Organic Compounds. 

Htdbogarbons, with an even number of hydrogen 
atoms, such as CH^. They are usually looked 
upon as hydrides of hydrocarbons, with an uneven 
number of hydrogen atoms : 

e,g,, CH^ is looked on as CH3H 

Mai^ Hydride of 

gas. methyl 
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Haloid Ethebs. — Hydrocarbon radicals combined with 
either CI, Br, I, or Fl : 

e,g.j CH3CI {Methyl chloride). 

NiTRO Compounds. — Hydrocarbon radicals combined 
with nitryl (NOg) : 

e,g,y CHgNOj {Nitro methane). 



Amines. — ^Alcoholic radicals combined with amidogen, 
NH2. An amine may be described as a molecule 
of ammonia, in which one, two, or three atoms of 
hydrogen are replaced by an alcoholic radical 

(CH3 (CH3 (CH. 

or or or 

NH, CHgNHj (CH8)»NH (CH8)3N' 

Ammonia. Methylamine. Di-Methyfamine. Tri-Metbylamine. 

The amines usually have basic properties. 

Amides. — Acid radicals imited to amidogen. 

An amide many be described as a molecule of 
ammonia in which one or more atoms of hydrogen are 
replaced by an acid radical. When two atoms are 
replaced, the compound is sometimes called an imide, 
when three, a nitrile. 

or 
NHg C2H80NHi5 C2O22NHJ 

Ammonia. Acetamide. Oxamide. 






I 
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AloOhoijs. — Hydrocarbon radicals combined with 
bydroxyl : 

C2H5HO C3H53HO 

Oxygen EthbIw. — Alcohols in which the hydroxylic 
hydrogen is replaced by an alcoholic radical or 
an acid radical 

C2H5HO = Ethylic alcohol. 
CgHgCoHgO = „ oxide. 
C2H5(C2H80)0 = „ acetate. 

Sulphur Alooholb and Ethers. — ^Alcohols and ethers 
in which the oxygen is replaced by sulphur. They 
are usually called mercaptans. 

Aldehtdes. — Compounds mtermediate between alco- 
hols and acids. Formed by partial oxidation of 
alcohols. 

C2H5HO C2H4O C2H4O2 

AloohoL Aldehyde. Acetic acid 

Ketones. — Compounds derived from aldehydes by 
replacing one atom of hydrogen by an alcoholic 
radical. 

(HO 
H 
H 

Aldehyde. 

Organo-Mbtallio Compounds. — Alcoholic radicals 
combined with metals. 

NaCaHg Sn4CH, 

Sodic ethide. Stannic meuiide. 
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OroanIo Aoids. — Oxygenated radicals comlHiied with 
hydroxy!, the hydrogen of which is displaceahle. 

C2H3HO {Acetic acid). 

Acid Haludes. — Oxygenated radicals combined with 
chlorine, bromine, &c. 

CjHjOCl {Acetyl chloride). 



Amylaceous Group. 

Starch, Cellulose, and Sugars. 

Starch (CeHioOg), or some multiple. 

Occurrence* — In plant life, and probably in some lower 
forms of animal life. 

Properties, — White amorphous powder, having a dis- 
tinct microscopical structure. 

Preparation. — ^From plants, generally potatoes or rice, 
by dissolving the cell walls by ITaHO. 

Reactions, — Turned blue by iodine in the cold. Boiled 
with dilute mineral acids. 

(a.) Short time = Dextrin, CgHioOg 

{b,) Longtime = CeHioOg + H2O = CeHigOe 

DextroBa 

If heated in the dry condition it is also converted 
into dextrin. 
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Cellulose (CcHioOs). 

Occarrence, — ^In plants, also in linen, cotton, and paper. 

Properties. — ^White, tasteless substance, insoluble in 
water. 

Strong sulpburic acid converts it into a colourless 
adhesive mass, which, if boiled, is converted into 
glucose. Unsized paper, if heated with moderately 
strong sulphuric acid, is converted into vegetable parch- 
ment. Acted on by nitric acid, nitro substitution pro- 
ducts are formed, in which one, two, or three atoms of 
hydrogen are replaced by NOg. Gun cotton is trinitro- 
cellulose. 

CeHioOj + 3HNO3 = CeH7(3N02.)03 + 3H2O 



SUGARS. 



There are two groups of sugars 

Sucroses. 
C11H22O11 

Cane. 

Milk. 



Glucoses. 
CeHigOg 
Dextrose. 
Levulose. 



Cane Sugar {Sucrose). 

Occurrence, — Free in sugar cane and beet-root. 

Preparation, — Extracted by pressure, and purified by 
crystallisation. 
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Beadions, — Decomposed by heat. 

Dextrose. Leyuloean. 
At a higher tempeiatuie it is converted into Cabamel. 

Oxidized by HNO, to oxalic acid : 

Saccharic 
add. 

CeHioOs + Oe = SCgHjO^ + 2H2O 

If boiled with dilate acids it takes up the elements 
of water, and is converted into dextrose and levulose : 

C12H22O11 + HgO = CeHijOj + CeHjgOa 
It is not directly fermentable. 

Mile Suoab (Ladoae), C12H22OH. — ^White hard solid. 

Occurrence, — In milk. 

Preparation, — By evaporating the whey of milk. 

Reaction. — If heated with dilute acids converted to 
Galaotosb, CeHj2^« 

Grape Sugar (Glucose), C^HijOe 

Occurrence, — In fruits and animal fluids. 

Preparation, — By boiling starch with dilute sulphuric 
acid, when the starch takes up the elements of 
water. 

Properties, — ^White unctuous mass, crystallising with 
difficulty. 
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JSeadians. — ^Directly fennentabley producing alcohol, 
carbonic acid, and minor products. If heated by 
itself is converted into glucosan, CeH^oOs 

'There are several isomeric modifications of 
glucose, distinguished chiefly by their action on 
polarised light. 



Fermeiitatioii. 

Definitum. — Change by aid of a ferment in which 
bodies of the amylaceous group break up into 
others of a less complex nature. A ferment is a 
nitrogenous body in a state of change. There are 
three principal varieties of true fermentation pro- 
duced by three distinct fungi respectively : 

Vinous, produced by Torula. Alcohol chief product. 

Acetous, „ „ Mycoderma, Acetic acid „ 
*Lactic, „ „ Bacterium Lactic acid „ 

lineola. 



False fermentation is produced by chemical means. • 

Examples. — 

(a.) Production of oil of bitter almonds : 

C8oHaT^Oii + 2H20 = CrH5HO + HCN+2CeHi20e 
Amyj^daliii. Oil of bitter Glucose. 

almonds. 

(ft.) Production of oil of mustard : 

K«C2oH88S4N20i« = 2(C3H,CNS) + 

Fotassic myronate. Oil of mustard. 

2KHSO4+ 2C,HijO, + H2O 
* Formerly tappoaed to be caused by pendUimn ghnonm. 
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(c) ConTeision of tannin into gallic acid : 



Substances like the above which produce glucose, 
when undergoii^; decompoBition, are called gluco- 
eide*. 

ALCOHOLS. 

Definiiwn. — A hydrocarbon radical combined with 
bydroxyL 

There are monatomic, diatomic, and triatomic 
alcohols, according to the number of molecules of 
combined HO. 

Monatomic Diatomic Triatomic 

CjH.HO C„H42HO CgH.SHO 

Bthylio alcohol Glycol Glycerine. 

Ihese are in turn divided into primary, secondary, 
and tertiary alcohols. 

rw ctJ?^ alcohols are looked upon as derived from 
w' ' '"*'*^y' alcohol or carbinol, by replacement of 
fhT W "^^^ ^^ *« "^cal hy monad radicaU of 
"»e(C.Hj,+i) series. 

CHHC rf fHo\ ^^'l^yl carbinol or ethylic alcohol 
2 a^nU), Ethyl carbinol or propylic alcohol 

replaced = Tertiary „ 
lialoid KjUts Tritt? ^ *^" ^"^ prepared by distilling their 

SaAohSut -^HO - KCl + C,H,HO 




Bable odonr. Il is ii 
thj^lated spirit is elhyiic a 
IT cent of CHjHO 

rgoea oxidation, produ< 




HCHO, + up 



irmC^ (A<reiy7e»e). 
'C,H^ (Olsjiaiit gat). 
.HbHSO, (.■iiilphoviHxeaeid). 
.HjHO + Ho^^O, 

atarch or sugar, and suV 

If i>re|i^ri(l from starch 

tverteil iiUn ^u^iifbyaid of a 

l>y ^irtificiol means 

>sa of iiiiilhn^. The sit""!—* 

njji-B of ar 



JjHjHO + 2C0, 
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This, however, does not show the formation of suc- 
cinic acid and glycerine, both of which are formed in 
appreciable quantities during the fermentation. 

Pure (absolute) alcohol cannot be prepared by this 
process alone. The strongest commercial spurit con- 
tains 13°/^ of water. 

To prepare absolute alcohol from this, distil it over 
calcic chloride and quicklime. 

Properties, — Colourless mobile liquid, with pleasant 
taste and odour, miscible with water in all pro- 
portions, with contraction in volume. Inflammable. 
Has never been frozen. Undergoes oxidation 
under favourable circumstances as follows : 

C2H5HO + = CgH^O + H2O 

Aldehyde. 

C2H4O + = HC2H3O2 

Acetic acid. 



TABLE XXX. 



Action of Chlorine, Ac, in Alcohol. 

CaHeO +Cla =2Ha +C^B.^O (AUdyde), 

CaHeO +4Cla =5H01 +C,HCl30 (CAforoZ). ' 

CaHeO +2Cl2+HaO=4HCl +C3H4O, (Acc^tc acid). 
CaH.O +HC1 . =H90 +O^U^Q\(EthyliciMoride). 

4C2HeO + 8Ca2010 = 3Ca2CHOa -I- SCaCla + 8H,0 + 2CHCI, 

{(Jhloroform). 



Alcohol is decomposed if passed through a red-hot 
tube. 

e. C2H.HO = CH^ + H2 -I- CO 
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ETHEBS. 

Are of two kinds— oxygen ethers and compound 

ethers. 



OxTOEN Ethers, formed by replacing hydroxylic 
hydrogen by an alcoholic radical : 

Ethylic alcohol. Ethylio oxide. 

If the alcoholic radicals differ, the compound is a 
mixed ether : 

^??* \ ^2^* I O 

Ethyl methyl ether. Ethyl amyl ether. 



Compound Ethers. — ^Formed by replacing hydroxyl by 
an acid radical : 

C2H5OH CgH^NOs 

Ethylic alcohoL Ethylic nitrate. 

General Reactions of Oxygen Ethers, — If heated with 
water under pressure they are decomposed, the 
corresponding alcohols being produced : 

e. (C2H,)20 + H2O - 2(C2H,HO) 

If digested for some time with sulphuric acid, the 
corresponding alcoholic acid sulphate is produced : 

f, j (CaH.)^© + HjSO, = CjH.HO + C^H.HSO^ ) 
"• \ CjjH.HO + HjSO^ = CjHgHSO^ + HaO / 
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If distilled with phosphoric chloride, the chloride of 
the corresponding alcohol is produced along with oxy- 
chloride of phosphorous : 

ft (C2H5)20 + PCI5 = 2(C2H5C1) + POClj 

Common Ether (02X15)20 {Ethylic oxide), — ^Improperly 
called sulphuric ether. 

Preparation, — By the continuous ethenfication, process 
in which a continuolis stream of alcohol comes in 
contact with a limited quantity of sulphuric acid 
at a temperature of ahout 130* 0. 

f. j H2SO4 + O2H5HO = OgHg'HSO^ + H2O 
^' \ C2H5HSO4 + O2H5HO = (02H5)20 + HgSO, 

Properties, — Oolourless volatile liquid, very inflam- 
mable, and its vapour, when mixed with air forms 
an explosive mixture. It is very slightly soluble 
in water, and water is very slightly soluble in 
ether. It is miscible in all proportions with 
alcohoL 

Ethylic Acbtate, OjHgOgHgOg. — {Acetic ether.) 

Preparation. — 

ft Na02H302 + O2H5HO + H2SO4 = 02H,02H8O2 + 

NaHSO^ + 1^0 

Properties. — Oolourless liquid, with pleasant odour. 

Ethylic Nitrite, OgH^NOg 

Preparation. — 

ft O2H5HO + HNO3 + H2SO4 + Ou = C2H5NO2 + 

OuSO^ + 2H2O 
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The Cu is used to reduce the HNO3, and the H2SO4 
prevents the formation of nitrate. If the Cu were 
omitted, a portion of the alcohol would he oxidized to 
aldelyde. 

ft 2C2H,HO + HNOg = CgH^O + C2H5NO2 +2H2O 

If the copper he replaced hy urea, then Ethylio 
Nitrate is produced (CjHjNOg), as the urea decomposes 
any nitrous acid which may he formed. (See page 128.) 



Ethylio Nitrate. — ^Prepared as above. 

Beadion. — 

CaH^NOj + SHg = CgH^HO + NHgHO + HgO 

^ Nascent Hydroxylamine. 

hydrogen. 



Ethylio Iodide, C2H5L — Colourless liquid, unstable, 
becoming brown from free iodine. 

Preparation. — 

ft 12(C2H,HO) + Pg + 5L = IOC2H5I + 

2(fl2C2H,PO,) + 4H2O 

Phosphovinic add. 



Ethylio Sulphate (C2H5)2S04 
Preparation.— (0^^)20 + SO3 = (C2H5)2S04 

Ethylio Sulphide (C2H5)2S. — Oily liquid. 
Preparation.— e. 2C2H ^ CI + KgS = 2KC1 + (CgH, )2S 
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Ethtuo Htdbosulphidb, GjHfHS. — Liquid with 
stroBg smell of onions. 

Preparation, — 

ft KCjH^SO^ + KHS = CgH^HS + K^SO^ 

Potaasio Balphovmate. 

Methyl Ethers are prepared in a similar manner to 
the ethyl compounds. The oxide, (CH^jd, is a 
gas. Tlie iodide, chloride, and bromide can be 
prepared by direct action of the respective acids 
on the alcohoL The chloride is a gas, the others 
are liquids. 



ALDEHYDES AND THEIE PRODUCTS. 

Acetic, CoH^O. — ^A liquid with pungent smelL 
Unstable, and easily oxidized to acetic acid. 

Preparation, — (a.) By oxidation of alcohol : 
C2H5HO + = C2H4O + H2O 

(6.) By action of CI on weak alcohol — see page 107. 

(c.) ft KC2H3O2 + KCHO2 = C2H^0 + KgCOs 

Reactions, — Reduced by nascent hydrogen to alcohol : 

C2H4O + H2 = C2H5HO 

Unites with ammonia to form a solid crystalline 
body — aldehyd-ammonia : 

C2H4ONH3 
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It is converted to chloral by chlorine : 
CjH^O .+ 3CLj = C2HCI3O + 3HC1 

or 

2C3H^O + 2Cla = C^H.ClgO + HQ + H^O 

Croton chloral. 

This latter, however, is supposed to be derived from 
butane, C^^q, and is hence called butyl chloral : 

Chloral Htbrate. 

Preparation, — By passing a rapid stream of chlorine 
through absolute alcohol, and gradually increasing 
the temperature : 

C2H5HO + 4CI2 = 6HC1 + C2HCI3O 

Chloral is an oily liquid which, in contact with 
w&ter, forms a white solid crystalline hydrate, smell- 
ing strongly of water melons. 

Both chloral and its hydrate are decomposed by 
alkaline hydrates. 

C2HCI3O + KHO = KCHO2 + CHCI3 

PotasidG formiate. ChlorofomL 

Chloroform, CHClg (Methenyl chloride). — Colourless 
liquid ; slightly soluble in water. 

Preparation, — By distilling alcohol with slaked lime 
and^ bleaching powder, the simplest equation 
representing the action is shown in Table XXX. ; 
but there are good reasons for supposing the 
foUowing reactions take place : 

( 2C2H6HO +O2 = 2C2H4O + 2H2O 

e. { C2H4O + 3CI2 = C2HCI3O + 3HC1 
2C2HCI3O + Ca2H0 = Ca2CH02 + 2CHCI3 

H 
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Alcoholic Acids. 

FoRMio — ^AoBno — ^Lactic. 

PoRMio, HCHOjj 

Occurrence. — ^Free in ants, stinging nettles, &c. 

Fre^raJtixm, — (a.) Oxidation of methylic alcohol : 
CH3HO + = HCHO2 + HjjO 

(&.) By distilling glycerine and oxalic acid : 

H0C2O4 = HCHO2 + H2O 
CaHjSHO + HCHO2 = C3H52HO.CHO2 

(Jfono/ormtfk) 

C8H52HOCHO2 + H2O = CgHgSHO + HCHO2 

Properties, — Colourless liquid with pungent odour and 
strongly acid. 

Beaetions, — 

6. HCHO2 = CO + H2O 
(Either alone or with strong Bulphuric add.) 

HCHO2 + CI2 = 2HC1 + CO2 
ft HCHO2 + HgO = CO2 + Hg + H2O 

All the formiates are soluhle. Lead f ormiate is least 
so. If heated with strong hases they are converted to 
oxalates. 

ft 2HCHO2 + BaO = BaC204 + Hg + HgO 

Amnronium f ormiate if strongly heated, 
ft NH4CHO2 = HCN + 2H2O 
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AcfBnc, HCjHgOj. — Colourless acid, liquid, with 
pungent oaour. The strongest acid {glacial) is 
solid at ordinary temperature. 

Preparation. — (a.) By acetic fermentation in the pre- 
paration of vinegar, which contains from 5 to 
15 '/,. Vinegar is prepared by allowing weak 
alcohol to trickle over wood shavings or wood 
charcoal exposed to air. 

(h,) By distilling acetate of sodium with sulphuric 
acid. 

A 2NaC2H30a + 'E^O^ = Na^SO^ + 2HC2H3O2 

Beactiana. — Forms chlorine compounds by direct action 
in which H is displaced atom by atom. 



C2H3CIO2, Mono chloracetic acid. ) rf 
(J2HCl302,Tri „ „ jc2 



The acid contains a base C2H3O acetyl, which forms 
compounds, and the following relations therefore exist 
between acetic acid and alcohol 

Ethyl Acetyl 

GHg CHq 

CILj CO 

So that aldehyde is CH3 ) tt Acetyl hydride, 

CO /^ 

and acetic acid CH3 ) tt^ is acetyl hydrate. 

CO ]^^ 

Acetyl Chloride, CgHgOCl. — Fuming colourless 
liquid. 
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Preparation, — 

6. (a.) 3HC2H3O2 + PClg = 3C2H3OCI + H3PO3 
(b.) CH^ + COCLj = CaHgOCl + HCl 



AoBTTL Acetate (CgHgOgCgHgO). — (Acetic anhydride) 
oily liquid : 

^mCaHgOa + POClj = 2C2H8O2C2H3O + 3Naa + 

NaPOs 

Laotio, HCgHgOg. — Two isomeric xnodificatioDA — 
syrupy acid, liquid, with characteristic smelL 

Occurrence. — Free in flesh (isomeric form). 

Preparation, — ^By lactic fermentation. Milk, sugar, 
putrid cheese, and chalk are mixed together and 
allowed to ferment. The chalk is added to neu- 
tralise the acid and prevent coagulation of casein ; 
a precipitate of calcic lactate is formed : 

Lactose. 

The precipitate is removed as fast as it is 
formed, otherwise it becomes soluble, and be- 
comes converted into butyrate of lime : 

SCgHeOg = C^HgOa + 2CO2 + 2H2 
Butyric add. 

The calcic lactate is decomposed by oxalic acid : 



Ca2C8H503 + H2C2O4 = VCaCgO^ = 2HCaH503 

Properties. — Syrupy acid liquid; heated to 130' C, 
it becomes a yellow solid, CgHioOg dilactic 
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acid ; at 330" C. it loses water and is converted 
into lactide, C«H804; lactide unites with am- 
monia to form lactamide, C3H7NO2 

By oxidizing agents, lactic acid is converted to 
formic acid : 

CjHaOg + 03 = 3HCHO2 



TABLE XXXI. 



Action of heat on Amnumium Salts of foregoing Acids, 

NH^CjO^ = 2HjO + C,0j2NH, {OxanUde). 
NH^CHO, = HjO + CHONH9 {Formanide). 

{If strongly heated.) 

NH4CHO J = 2H,0 + CHN (FormonitrU or Hydrocyanic 

Acid). 
NH^OaH.Oa = HjO + OaH.OaNHj (Acetamide). 



Vegetable Acids. 

Tartabio and Citric. 

Tartaric, HgC^H^Oe 

This is the formula of four acids which are distin- 
guished by physical properties, chemical tests, and 
action on polarised light. Only one is important, 
ordinary tartaric acid. 

Occurrence. — Free and combined in vegetable life. 
Principal source argol or tartar, KHC4H4O8, crude 
potassic bitartrate, which is precipitated during 
the fermentation of grape " must." 
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PreparaitoTL — ^The aigol is dissolved in boiling water, 
and neutralised with chalk. 



KgC^H^Oe + COg + HjO 

The precipitate is filtered off, and the filtrate mixed 
with calcic chloride : 



KjC^H^O. + CaClg = VCaC^H^O« + 2KC1 

The two precipitates are next decomposed by dilute 
sulphuric acid : 



Properties, — Colourless crystals, soluble in water. The 
solution dissolves the hydrates of copper and iron, 
so that in presence of this acid the alkaline 
hydrates produce no precipitate with aqueous 
solution of the salts of these metals. 

Reaction, — If heated with potassic hydrate it is decom- 
posed. 

6. ^^^^fie = H2C2H3O2 + H2C2O4 

All the tartrates are decomposed on ignition, leaving 
a carbonate. 



Citric Acid, HgCeH^Oj 

Occurrence. — In juice of lemons and other fruit. 
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Preparation. — The jtiice is boiled with chalk. 



ft 2H3C«H507 + SCaCOg - jC?i^G^K;o:r+ 

aCOj + SHjO 

The piecipitate is decomposed by dilute sulphuric 
acid: 



Ca32C«H,Ox + SHjjSO^ - ^ZGoBO^ + ^-H^G^TLfi, 



Properties, — ^White crystals, soluble in water, acting 
towards the hydrates of Cu and Fe in a similar 
manner to tartaric acid 



TABLE XXXII. 



Action 


of Heat on Citric Acid, 


1 

1 


175o C- 


-CeH.O, 


Aconitic acid. 


Above 175» C- 


-CeH.O, 


Itaconic acid. 


CO, 




C.H.O^ 


Citraconio acid. 


HaO 



Fats and Oils— Saponification. 

Oils are divided into two groups, fixed and volatile. 
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TABLE XXXIII. 



Showing differences between Fixed and Volatile Oils. 



Fixed. 

Undergo saponification. 
Lighter than water. 

CompoBed of glyceryl and 
a fatty anhydrid& 

Leave a stain on paper. 

Cannot be distilled without 
decomposition. 



VoUaile. 

Will not saponify. 

Generally heavier than 
water. 

Composed of one or more 
hydrocarbons. 

Leave no stain on paper. 

Distil unchanged. 



I 



Fixed Oii^s. 

Occurrence. — In vegetable and animal kingdoms. 
They are mostly transparent colourless liquids; 
the higher members of the group are crystalline 
solids. 

One example will show the constitution of 
these bodies : 

HC 1 6 H 8 1 0^ = Palmitic acid. 

CgHgSCieHsiOg = Palm oil, or palmitate of glyceryl 

NaCieHsiOg = Hard soap, or palmitate of soda. 

CgHgSHO. = Glycerine, or glyceryl hydrate. 

The fixed oils are subdivided into two groups — 
drying and non-drying. 

The drying oils, if exposed to air, absorb oxygen, 
and increase in air and become hard. 

The non-drying oils under similar conditions become 
rancid. 
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TABLB XXXIV. 



Moti iinpofiani Fatty Aeidt and their Derivativei, 


Add. 


OIL 


Soap. 


HG|,H,,0, 

Oleic 


(0,,H„0,).C,H, 


NaOi,H„0, 

Sodlo olMte. 


=°^!i°' 


(C,eH.iO,),O.H, 
Palm. 


NaO„H„0, 

Sodlc palinluta. 


H0^jHj,O, 


(C,eH„0,),C,H, 
Steartne. 


NaC,,H„0, 

Sodio stearate. 



Saponifioation. 

If a fixed oil be heated with a metallic oxide, in 
presence of water, the fatty acid unites with the new 
base, forming a salt ; whilst the glyceryl unites with 
three molecules of HO to form glycerine : 

(Ci,H„0, (HO 

0,H, \ Oi,H„0,+8NaHO=0,H, \ HO+^NaO.eH.^O, 
(0,eH„0, (HO 

Palm oil. Glycerine. Soda ioa|i. 

or 

2(C,H38Ci,H„0,) + 8PbO + 8H,0 = 2(C,H.8HO) + 
OUt«oU. 8(Pb2Ci,H„0,) 

Leadaoap. 

The only soluble soaps are those of the alkalies. 

If sodium is the base, a hard soap results ; if potas- 
sium, then a soft soap. 

If a strong acid be added to a soap the fatty acid is 
liberated: 

NaCieHgiOa + HCl = NaCl + RG^e^^^O^ 

Palmitic add. 

Glyobrinb, CaHjSHO 
Glycerine is a triatomic alcohoL 



122 BTNOFSIS OF OHEMISTRT. 

Properties. — A viscid liquid with a sweet taste, miscible 
in water in all proportions. It undergoes fennentar 
tion under favourable circumstances, producing 
propionic acid. 

Preparation, — By distilling fixed oils with superheated 
steam, when they undergo decomposition into fatty 
acid and glycerine, both of which distil over. 

Beaetions. — If heated with a fatty acid under pressure 
an oil is formed. 

0, CgHgSHO + SHCiaHgiOjssCsHgSCieHsiOg + 
Glycerine. Palmitic acid. Palm Oil 3HoO 

If heated alone or with P2O5 acroleine is formed : 

ft C3H8O3 = C3H4O + 2H2O 
Acroleine is a volatile liquid with peculiar odour. 

TABLE XXXV. 



Actions of Acids on Olycerine, 

Dilute, HNO, 
C.HgSHO + Oa = HaO + CaHeO^, Glyceric add. 

Strong, HNOa 
CjHbSHO + SHNO, = SHjO + C,Ha(N0a)808 Nitroglycerine 

Acetic Acid. 

CsH.SHO + HC3H3OJ = HaO + C3H,2H00,H30a 

Mono-acetin. 

OjHsSHO + 2HCaH80, = 2HjO + C,H3H020aH30a 

Di-acetin. 

CHaSHO + SHCaHjOa = 8HjO + C3H33C,H30, 

Tri-acetin. 

Hydrochloric Acid. 

CsHbSHO + HC1= HaO + C3H32HOCl,Mono-chlorhydrin. 
O3H33HO + 2HCl=2HaO + C3H3HOCla, Di-chlorhydrin. 



These are glyceric ethers, and are mostly oily liquids. 
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NiTBO Glycbrinb. — Oily liquid; if subjected to cold 
becomes solid ; explodes by percussion. 

2C8H53NO2.O3 = 6CO2 + 5H2O + 3^2 + 

It bums quietly if ignited. Dynamite is a porous 
earth impregnated with nitro glycerine. 

Chlorhydrins. — Chlorine can only replace two mole- 
cules of hydroxyl directly through hydrochloric 
acid To prepare trichlorhydrin the following 
method must be adopted : 

e. C3H,HOCl2 + PCl5=POCl8 + HCl + C3H,Cl3 

If dichlorhydrin be heated with KHO, it loses HCl 
and becomes C5H5CIO {Epichlorhydrin), 

Cyanogen and its Compounds. 

Cyanogbn, CjNj 

Preparation.— 6. Hg2CN = Hg + C^^^ 

Properties. — Colourless gas with odour of bitter almonds. 
Inflammable, with a purplish flame, to COg and N. 
It is soluble in water, but the solution is unstable. 

2CN + 4H2O = {'NTL^2^2^v oxalate ammonia. 

It combines with potassium to form KCN, 

cyanide of potassium. 

• 

Hydrocyanic Acid, HCK 

Preparation. — Occurs free in cassava juice, by passing 
HgS over cyanide of mercury, and collecting 
product in a cooled receiver; this process gives 
the anhydrous acid. A dilute acid is prepared by 
distiUing K^FeCy^ with dilute H2SO4. (See 
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Table, page 37.) The medicinal acid, prepared 
in this way, contains 2 per cent, of anhydrous 
acid. 

Formed by fermentation, when bitter almonds 
are left in contact with water; the amygdalin 
takes up water : 

CaoHa 7^0,1 + 2H2O = CrHgHO + 2CeHi20« + 

Oil of bitter GlnooMi 
Ahnonds. HCK 

Meadiona. — Decomposed slowly by water : 

HCN + 2H3O = NH^CH02, Amnionic farmiate. 

If heated with KHO : 

ft KHO + HON + H2O = KCHO2 + NH, 

If the concentrated acid be mixed with HCl (aqueous): 
HON + 2H2O + HCl = NH^Cl + HCHO2 

It neutralises alkaline hydrates, forming cyanides. 

Cyanide of Potassium, KCy or KCN, — White 
crystalline solid. 

Preparation.— 

(a.) e. 2KH0 + C3 + 1^2 = 2KCN + CO + HjO 

(&.) ft K^FeCye = 4KCy + FeCj + N^ 

(c.) Usual process — 

ft K^FeCy fl + KgCOg = 5KCy + KCyO + Fe + CO, 

Reactions of Cyanides. — Great tendency to form double 
salts : 

2NaCy + AgNOg = (AgCymCy) + NaNOg 

Soluble. 

AgCyNaCy + AgNOj = V^AgCy + NaNOj 
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If heated with water : 

e. KCN + 2H2O = KCHO2 + ITH3 

If heated in air : 

e. KCN +.0 = KCNO, Cyanaie of potash. 

6. 2KCN0 +03 = K2CO3 + Ng + CO2 

Cyanic Acid, HCNO. — ^Volatile liquid, with odour of 

Preparation.— 6. HsCsNgOs = 3HCN0 

Gyanuric acid. 

Decomposed by water : 



HCNO + 2H2O = VNH^HCOg, Cyamelide. 

The tendency of HCN to form double salts gives 
rise to the formation of ferro and ferrid cyanides. 

The following table will show the constitution of 
these bodies. 



TABLE XXXVI. 



Ferrocyanide of FotaRsium, K^FeCye = 4KCy,FeCys 
FeiTid „ „ KsFeCy. = SKCyFeCy, 



Ferro Cyanide of Potassium, K^FeCye {Yellow Prus- 
state of Potash). — ^Yellow crystals. 

Preparation. — By fusing together scrap iron, carbon- 
ate of potass, and nitrogenous matter. 
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Hydbofebroctanio Acid, H^FeCyj. — ^Unstable liquid. 

By precipitating K^FeCys in aqueous solution by 
tartaric acid. 

Ferridoyanidb of Potassium, KgFeCy « {Red PrussicUe 
of Potash). — Red crystals. 

Preparation, — 

2K^FeCy« + 015 = 2K8FeCy. + 2KC1 

Hydrofkrbidoyanio Acid, HgFeCy« 



Pbg2FeCy« + SHaS = ^SPbS + 2H3FeCy« 
Colourless liquid, very unstable. 

Diagram ahovying function of these Salts in testing 

for Iron, 



Salts of 
FeO 



Salts of 
Fe,0, 




With 

K^FeCye 

gives 

(Fe,),3FeCy« 

Ferric Ferrocyanlde. 



With 
K^FeCy, 

gives 
Fe^SFeCy, 
Ferrous Ferridcyuidc 
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Action of KHO on these Salts. 

{Ye^^ZYeCj^ + 12KH0 = ^2^6^+ 3K^FeCye + 

6H2O 

Fe32FeCy« + 8KH0 = ^^^HO + ,^2H0 + 

2K^reCya 

SULPHOCTANIO AoiD, HCNS. 

Preparation of potassium sulphocyanide : 

A r E:^FeCy« + SSg = 4KCNS + Fe2CNS 
\ Fe2CNS + KgCOj = 2KCNS + FeCOg 

TABLE XXXVIL 



Principal JUactions of Ferrocyanide of Potassium, 

e. K^FeCye = 4KCy + FeCj + N, 

e. K^FeCy, + KaCO, = 6KCy + KCyO + Fe + 00^ 

'B, K^FeCy. + SSj = 4KCNS + Fe2CNS 

K^FeC^e + Clg = 2 K8FeCye + 2KC51 

K^FeCye + 2Feaae= VFe^Cyig + 12Ka 

Prussian blae. 

K^FeCye + FeSO* = KjSO^ + ^fK^Fe^^ 



Urea, CO2NH2. — Oarbamide, white crystalline solid. 
Occurrence. — In urine of mammalia. 
Preparation. — (a.) Synthetical production : 

0. 2KH0 + C3 + 1^2 = 2KCN + CO + HgO 
e. KCN + PbO = KCNO + Pb. 

2KCN0 + (NHJgSO^ = 2NH4CNO + KgSO^ 

Ammonium cyanate. 

0. NH^CNO = CO2NH2 
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If sulphocTaiiate of ammoma be sabsidtuted 
for cyanate, sulphur urea is formed, C82NH2 

ft NH^CNS « CS2NH2 

{b.) From urine : 

Concentrate urine and filter ; add oxalic acid : 



C02NB.^ + -E^Cfi^^ V2CO2NH2.H2C2O4 

Oxalate of urea. 



2C02NHjHsCjO^ + CaCOg = VCaCjO. + CO. 
Klter and crystaUiae. + H^O + 2C02NH^ 

(c.) COCI2 + 2NH, = 2HCa + CO2NH2 
{d.) e. NH^NHjCOj = HjO + C02NHij 

Amm. carbamate. 

This last reaction proves urea to be an amide 
carbonic acid. 

Reactions, — ^Decomposed by nitrous acid : 

CO2NH2 + 2HNO2 = CO2 + 2N2 + 3H2O 

Also by chlorine : 
ft 6(C02NH2) + 3CI2 = 2C3H3N308 + 4NH^C1 + 2HC1 

Cyanuric acid. 4. ^ 

In presence of a ferment it is decomposed : 

CO2NH2 + 2H2O = (NH4)2C03 

It forms sparingly soluble salts with nitric and 
oxalic acids. 

Nitrate— CO2NH2HNO3 
Oxalate— 2(C02NH2)H2C204 
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Being a weak base, it does not form salts with weak 
acids; hence — 

2(C02]m2.HN03) + BaC03 = 2(C02NHj) + Ba2N08 + 

CO2 + H2O 



Amines. 

Definition, — A compound radical derived from a single 
molecule of ammonia (NH3), in which the hydro- 
gen is wholly or partially displaced by an alcoholic 
radical 

Examples, 

(CH3 rCHg (CH3 

I H ( H I CH3 

Methylamine. DimethyUmine. Trimethylamine. 

If derived from a molecule of ammonium^ NH^, then 
it forms an alcoholic ammonium. 

Examples, 

Methyl Dimethyl Trimethyl 

Ammonitim. Ammoniuin. Ammonium. Ammonium. 








Tetramethyl 
Ammonium. 

CH3 

CH3 
CH3 
I 
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The amines are formed by heating the iodides or 
bromides of alcoholic radicals with alcoholic ammonia 
in sealed tubes : 

NH3 + CH3I = NHgCHgHI 

Methyl iodide. Ethyl ammoniimx 

iodide. 

NH3 + 2CH3I = NH(CH3)2HI + HI 
NH3 + 3CH3I = N(CH3)3HI + 2HI 

And then distilling with potassic hydrate : 

NH2CH3HI + KHO = KI + H2O + NHaCHj 

Methylamine. 

All the amines have a strong resemblance to 
ammonia. The lower members are gases with an 
ammoniacal odour, and soluble in water. They act as 
b£ises and are combustible. 



Methylamine, CHgNH 



2 

Preparation, — As above ; 
also 
e. CH3CNO + 2KH0 = K2CO3 + NH2CH3 

Methyl cyanAte. 

Properties, — Colourless gas, with ammoniacal odour. 
Soluble in water ; forming a solution analogous to 
KH^HO. Like its analogue it is alkaline; is 
neutralised with acids to form salts. 

NH2CH3 + HCl = ITH2CH3HCI 

Me&ylamine 
hydrochloride. 

It precipitates hydrated oxides from solution of 
metallic salts, and the hydrochloride is decomposed if 
heated with calcic oxide. 
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ft 2(]SrH2CH8HCl) + CaO = CaCL, + 'Kfi + NH2CH3 
DiMBTHYLAMiNE, NH2CHjj. — A gas. 



Trimethtlaminb, NSCHg. — A gas, exists in herring 
brine. 



Tbtbamethyl Ammonium. 

Preparation, — If iodide of methyl is added to tri- 
methyiamine N(CH8)3, they unite with explosion. 

CH3I + NSCHg = N4CH8.I 

Tetramethyl ammonium 
iodide. 

A white crystalline salt, soluble in water. If this 
solution be heated with oxide of silver — 



6. 2(N4CH3.I) + AggO + Rfi = j2Agl + 2(N4CH3.HO) 

This latter body is the hydrate of tetramethyl 
ammonium. It is decomposed on heating. 

ft N4CH3.HO = CH3HO + N3CH3 

Methyl Trimethylamine. 
alcohoL 



Aromatic Compounds.- 

Benzol, Phbnol, Benzoic Acid, Oil op Bitter 

Almonds. 

The relations between these substances will be seen 
by the following table : — 
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TABLE XXXVin. 



Showing Bdation$ of Aromatic Group, 


"MvrBTL Htdbidil 


Benzol. 


CH.H 


C.H5H 


Methyl Alcohol. 


Phenol. 


CHgHO 


CeHjHO 


Replacing an atom of *H 
in CH, by OH, we get 
ethyl alcohoL 


Replacing an atom of H in 
CH, by CeHe we get 
benzyl alcohol. 


CHjCH.HO 


CHaC«HeHO 


Abstract two atoms of H we 
get aldehyde. 


Abstract two atoms of H we 
get benzyl aldehyde or oil 
of bitter almonds. 


CHCH3O 


tCHC.H^O 


Add an atom of we g^t 
acetic acid. 


Add an atom of we get 
benzoic Jtcid. 


CHCHgOj 


CHCeHjOa 



Benzol, CgHe. 

Occurrence. — Exists in coal tar. 

Preparation, — (a.) By fractionally distilling coal tar. 
(&.) By heating benzoic acid with lime. 

6. CrHeOa + CaO = CaCOg + CeHg 



* See page 106. 

t The radical C^HgO is sometimes called benzoyl. 
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Prapertiea. — Coloudess lefiactive liquid, with cbaiac- 
teristic smelL Insoluble in water. Solvent for 
I, S, P, and fats. 

Unites with HjSO^ to form sulplio-phenylic acid — 

CeH^HSOg 

Both chlorine and bromine displace hydrogen atoms, 
forming 

CeHgCl, Chloro benzoL 

CeHjBr, Bromo benzoL 

Nitric acids converts it into nitro benzol : 
' C«Hfl + HNO3 = ^20 + CflHgNOg 

This latter, under the action of reducing agents such 
as H2S or n, becomes converted into aniline : 

CflHfiNOg + 3H2 = 2H2O + CeHgNHg 



Phenol, or Carbolic Acid, CgHgHO 

Occurrence. — In coal tar. 

Properties, — ^Tar is fractionally distilled ; a portion of 
the heavy distillate is agitated with sodic hydrate. 
This dissolves the carbolic acid, which is precipi- 
tated by hydrochloric acid. 

It can be prepared by direct oxidation of benzol in 
presence of AlgCle 

Properties, — Colourless crystalline solid, with charac- 
teristic odo\ir ; neutral to test paper, yet acting as 
an acid towards metallic oxides. It is a powerful 
corrosive and antiseptic. 
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Reaciiona. — The carbolates or plienatea are decom- 
posed by CO2 in presence of alkaline hydrates, 
forming salicylates. 

CeHgHO + CO2 = HC7H5O- 

Salicylic acid. 

If heated with nitric acid it is converted into picric 
acid, a yellow crystalline body. 

0, CflHfiHO + 3HNO3 = 3H2O + CflHaSNOg-HO 



Benzoic Acid, CjHaOg 

Occurrence. — In gum benzoin. 

Preparation, — By sublimation from the gum. 

Properties, — White feathery crystals, with aromatic 
odour ; soluble in water. 

Reaction, — ^Decomposed by heat 

0, C7Hg02 = CgHg + CO2 

Benzyl Aldehyde, CjHeO 

Occurrence, — ^Essential oil of bitter almonds. 

Properties, — Colourless refractive liquid, with aromatic 
taste and odour. 

Reaction, — It absorbs oxygen readily, being converted 
into benzoic acid. 

By the action of nascent hydrogen it is converted 
into benzyl alcohol. 

C^HeO + H2 = C7H7HO 
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It is decomposed by lieai 

e, C^HeO = CO + C,H. 

Chloitne converts it into benzoyl chloride. 

C^HflO + CI2 « HCl + CtH.OCI 

Benzyl Alcohol, C7H7HO 

Properties, — Colourless oily liquid, with aromatic odour. 

Preparation, — By heating oil of bitter .almonds with 
potassic hydrate. 

2C7HeO + KHO = KC7H5O2 + C7H7HO 

Fotassic Benzyl 

benzoate. alcohol 

Reaction, — If heated with nitric acid it takes up oxygen : 

CtHsO + = H2O + CtHaO {Oil of hitter almonds). 

If heated with chromic acid it takes up another 
atom of oxygen : 

CyHsO + 02 = HgO + CyHaOg {Benzoic add). 
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